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ALIFAX, N.S., draws its water had to be pumped from the 27-in. low 
supply from a system of lakes service main to the reservoir which 


located a few miles outside the city. 
Due to the differences in elevation 
within the city, the water works sys- 
tem forms two services—low and high. 
Water for the low service area is trans- 
mitted through 24- and 27-in. cast-iron 
mains to the city by gravity flow, 
aided by a booster pumping station at 
the outskirts. Water for the high 
service area flows through a 15-in. 
cast-iron main entirely by gravity to 
the higher elevations of the city. 

In 1913 a reservoir was built to 
provide storage capacity within the 
city and to improve pressure condi- 
tions in the higher elevations. During 
recent years, the 15-in. main has not 
tad the capacity to supply the high 
service requirements, and water has 


floats on the high service system. 
The reservoir was constructed in 
the northern part of the city on the 
highest elevation available—a_ spot 
called “Hungry Hill.” At that time 
this section of the city was only partly 
developed and there was little protec- 
tion from the elements. In November 
1917 the Halifax explosion occurred a 
scant half mile away, blasting every 
tree and house from this area, afford- 
ing the reservoir less protection than 
ever. Again in 1945 the ammunition 
magazines in Bedford, a few miles to 
the north, caught fire and shook the 
city with a series of violent explosions. 
Although these two _ catastrophes 
wrecked great sections of the city, little 
apparent damage was suffered by the 
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reservoir as a direct result. Time and 
natural weathering, however, were not 
as kind. 


Construction of Reservoir 


The reservoir was designed as a 
massive concrete structure, 160 ft. id. 
and 25 ft. deep, with a capacity of 34 
mil.gal. The foundations were carried 
down about 8 ft. below grade and 
heavily reinforced. The floor con- 
sisted of a 6-in. slab poured with the 
footings over a compacted fill, and an- 
other 6-in. reinforced slab, overlying 
this, poured in place after the walls 
and columns were built. 

The walls were 3 ft. thick at the 
bottom, tapering to 18 in. at the top. 
They were poured in approximately 
3-ft. lifts, with a 2- X 4-in. water bar 
in each joint, and contained a mass of 
reinforcing steel in two concentric 
layers, 4-6 in. behind the inside and 
outside faces. The horizontal steel 
was elaborately supported by vertical 
structural frames, each bar resting in 
chairs bolted to the frame. The verti- 
cal steel was wired to the horizontal 
bars on the side towards the center of 
the wall. The close spacing of the 
steel and the structural frames con- 
tributed to a very material extent to 
the eventual failure of the walls. An 
idea of the quantity of steel employed 
may be obtained from the fact that, 
in the bottom 11 ft. of the wall, there 
were 88 14-in. diameter horizontal 
bars, in addition to the vertical steel, 
frames, struts and water bars. 

The roof was built as a very flat 
cone with barely enough slope to pro- 
vide for runoff of rain and melting 
snow. The slab was 4 in. thick and 
was carried on a series of radial con- 
crete girders, 12 X 20 in., and cross- 
beams of various sizes and_ spans. 


This whole structure was in turn: sup- 
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ported by 53 18 X 18-in. concrete col- 
umns and by the walls themselves, 
Each girder was haunched into the 
walls at the outer ends and attached 
by heavy caps to the columns. 

Very little maintenance work was 
done to the reservoir after completion 
to correct the troubles that appeared, 
Some poured-in-place concrete patches 
were placed on the exterior walls, but 
they were not very effective, and only 
served to cover up the real trouble 
temporarily. 


Condition Before Repair 


In 1945 the Public Service Commis- 
sion took over the administration and 
operation of the Halifax water system, 
and the reservoir came up for critical 
inspection. The commission’s  engi- 
neers uncovered the following defects: 

1. The roof was near the point of 
complete failure; portions had already 
fallen into the reservoir and in places 
the slab had pulled away from the wall. 

2. Most of the supporting beams and 
girders had failed completely in shear 
(Fig. 1). 

3. The columns appeared in fairly 
good condition, except for fractures in 
a number of the caps. 

4. Fifteen ft. above the floor, a band 
about 4 ft. high, extending completely 
around the inside wall, was so badly 
eroded that the interior layer of re- 
inforcing was exposed—a_ condition 
probably aggravated by ice action, since 
the area was located at about normal 
water level. It was also evident that 
construction joints were open in many 
places. 

5. The floor could not be inspected, 
as no provision had ever been made to 
drain the reservoir completely. About 
10 in. of slime and muck covered the 
floor under the water that remained. 
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6. Fully 50 per cent of the exterior 
wall area above grade was _ heavily 
galled. Large sections of the wall 
had fallen off in blocks 5 to 6 in. thick. 
Much of the reinforcing steel was ex- 

sed and had fallen to the ground or 
was bent out at various angles. The 
concrete which had been exposed was 
soft and in places resembled piles of 
joose gravel held in place by the rein- 
forcing. There was no apparent seep- 
age of water through the walls (Fig. 
2, 3). 

7. The connecting gatehouse was 
generally in the same condition as the 
rest of the structure, but spalling did 
not appear to have penetrated so 
deeply. 

8. Actual test measurements dis- 
closed that, in spite of the bad condi- 
tions, very little water was being lost. 
Test pits around the outside wall con- 
firmed this and showed almost no dis- 
integration in the wall below grade. 
Reasons for the disintegration were 
fairly clear. The beams and girders 
probably failed in shear. Frost action 
accounted for the deterioration of the 
walls. Water gradually seeped through 
the construction joints, and, through 
repeated freezing and thawing, set up 
local pressures which were sufficient 
to knock off sections of the wall. Some 
of the reinforcing bars were bonded to 
this outside shell and were torn away 
and bent as the shell broke off. 
Planning Repairs 

The commission was faced with the 
problem of either repairing the old res- 
ervoir or demolishing it and building a 
new structure. Demolition was neces- 
sary if new construction was decided 
upon, for no other site was available. 
Time, too, was an essential factor, as 
the reservoir is required for the effi- 
cient operation of the system: Expert 
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and other opinions were expressed on 
the proper course to follow. 

Finally the commission issued a set 
of general specifications, photographs 
and plans of the structure and called 
for competitive bids. Each contractor 
was requested to submit his own detail 
drawings, an outline of the method he 
proposed to follow, a complete speci- 
fication and guaranteed time schedule. 

After bids were reviewed, the Can- 
ada Gunite Co. was awarded the con- 
tract. The tender submitted by this 
contracting firm was more than $20,- 
QOO less than the next lower bid, and, 
in addition to this important saving, 
there were a number of original fea- 
tures in the company’s specifications : 

1. The capacity of the reservoir was 
to be increased 500,000 gal., and the 
head to be raised 4 ft. 

2. Repairs were to be made by the 
gunite process. 

3. A new pre-stressed concrete dome 
roof was to replace the old roof. 

With the drawings and specifications 
approved, work started May 15, 1946. 
The completion date was Nov. 15. 


Methods and Equipment 


The work fell naturally into three 
distinct phases: (1) demolition of the 
old roof structure; (2) restoration of 
the old concrete, and (3) the construc- 
tion of the new dome roof. Each of 
these sections will be discussed sep- 
arately, although they were carried out 
together as part of ene operation in 
the field. 

The equipment set up played an im- 
portant part in the method specified 
for the job. The main power used was 
compressed air. This was furnished 
by two 365-cfm. air compressors driven 
through V-belts by 75-hp. electric 
motors. Air lines were piped to vari- 
ous points on the job to operate the 
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Fic. 1. Fractured Beam and Girders in Underside of Roof Slab 


Fic. 2. Spalling of Reservoir Wall and Poured Patches 
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cement guns, pneumatic tools and air 
hoists. Heavy demolition was under- 
taken with standard paving breakers, 
but the bulk of the chipping and cut- 
ting was done with six chipping tools 
of a design recently developed in 
Canada. 

An electric mixer specially fitted for 
the dry gunite mix fed two cement 
guns through screens and gravity hop- 


Fic. 3. Close-up of Reservoir Wall 
Deterioration 


pers. Each gun was equipped with 
modern Dual Hydration nozzles which 
were used to shoot all the gunite, in- 


| cluding the dome roof and the massive 


ring section. Safeway scaffolds, drills, 
power saws, air hoists and other mis- 
cellaneous equipment also played their 
part. Finally the wire-winding ma- 
chine, more commonly called the 
“merry-go-round,” completed the pic- 
ture. This machine, which makes these 
large dome roofs possible, will be de- 
scribed in detail later. 
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Demolition and Chipping 


The first part of the job was the 
removal of the old roof. This was 
accomplished by the use of heavy pav- 
ing breakers. To save unnecessary 
handling and to eliminate the necessity 
of hoisting, jumbos mounted on wheels 
were erected inside the reservoir. A 
heavy wooden platform was built on 
the top of each jumbo at an elevation 
just sufficient to clear the underside of 
the beams. The breaking was then 
done over the top of these platforms ; 
the rubble was shoveled into buggies, 
wheeled across the roof and dumped 


Fic. 4. Single Coat of Gunite Over Rein- 
forcing Mesh of Interior Wall 


down a chute into trucks for disposal. 
The columns were not removed. As 
they only displaced 12,000 gal., it was 
considered uneconomical and unneces- 
sary to remove them. The caps were 
cut off and the tops grouted over. 
Chipping of the interior wall began 
as soon as it was considered safe under 
the roof demolition. Movable scaf- 
folds were used in the early stages, 
but wood scaffolds built in place were 
gradually erected around the walls, as 
these served not only for chipping and 
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gunite application, but formed part of 
the supporting structure for the dome 
forms at a later stage. 

The entire wall surface was rough- 
ened and chipped with pneumatic tools, 
and all cracks and construction joints 
were cut out to a depth sufficient to 
insure a proper seal and bond. The 
wall was then thoroughly cleaned and 
all loose surface material removed by 
waterblasting and sandblasting. The 
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were broken through to the outside at 
several locations. 


Repair of Walls 


After chipping and cleaning, gunite 
anchors were set in the concrete, with 
their centers approximately 30 ip, 
apart, and the entire area was covered 
with electrically welded No. 6 stee 
wire mesh (6 X 6 in.) secured to the 
anchors. 


a 


Fic. 5. Exterior Wall During Chipping and Repair of Reinforcing 


concrete was found to be in fairly good 
condition except for the one band men- 
tioned, about 15 ft. above the floor. 
This 4-ft. high area extending com- 
pletely around the walls was eroded to 
a considerable depth, exposing the 
main reinforcing. The concrete was 
soft and porous, and chipping opera- 
tions were carried out with care, as it 
was considered unsafe to cut into the 
wall to a point beyond the middle. 
Despite all precautions, however, holes 


Immediately before placing each coat 
of gunite, the surfaces to be treated 
were thoroughly waterblasted. Then 
the gunite was shot on in two or more 
successive layers to build up the re- 
quired thickness (Fig. 4). On the 
interior walls, a minimum thickness of 
14 in. was required, but, because of 
the heavy chipping, the average was 
much higher. The final coat of gunite 
was screeded with straight edges to 
secure an even surface and then fin- 
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ished with wood floats. At the joint 
petween the wall and floor, a key was 
cut and subsequently filled with gunite 
iyilt out to a substantial cove, al- 
though there was no evidence to show 
that any leakage occurred at this point. 

The outside wall was very porous. 
it was found that the outer shell of 
concrete was not bonded to the inner 
portions (Fig. 3) and fell away quite 
readily. In places the chipping op- 
erations exposed the new gunite on 
the inside. The reinforcing was badly 
displaced and had to be reset and wired 
in place, after which it was thoroughly 
sandblasted (Fig. 5). During this 
operation some unusual objects were 
taken from the old wall: about two 
dozen horseshoes, six dozen pick heads 
and several rubber boots. 

The outside wall was finally sand- 
blasted and waterblasted. A heavy 
base coat of gunite was shot to fill the 
deep holes and bond the old steel. 
This was allowed to cure. In the 
meantime the walls had been excavated 
to the footing. The concrete below 
grade was found in excellent condi- 
tion and only the construction joints 
were cut out. Gunite hooks were then 
placed over the entire wall, reinforcing 
No. 4 mesh (4 X 4 in.) was secured 
to the anchors, and the gunite was 
shot in two coats. The final coat was 
screeded and finished with wood floats. 

The floor, after being cleaned, was 
found to be in excellent condition, and 
no repairs were required. A sump was 
installed, however, and a drain pro- 
vided under the wall to the outside 
street sewer. 

The gatehouse was gunited inside 
and out in the same manner as the 
reservoir proper. Because the existing 
lloor and walls were too low to accom- 
modate the increased water level, it 
was found necessary to raise the up- 
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per part and build a new floor, the 
water level within the gatehouse being 
equal to that in the reservoir. This 
work was completed without raising 
the roof elevation, as sufficient head 
room already existed. The exterior 
was remodeled somewhat, glass block 
windows installed, and a steel platform 
and ladder replaced the old concrete 
walkway and stair. 


Construction of Dome Roof 


The prestressed dome roof on the 
Halifax Reservoir, with a diameter of 
164 ft. 3 in., is the largest of its kind 
in the world. The shell is 2} in. thick 
and has a radius of 171 ft. Obviously, 
such a shell, from its own dead weight 
plus any live load which may be im- 
posed, develops tensile stress in the 
ring, as well as meridianal shear and 
bending stresses in the shell itself. 

In the construction of the dome roof, 
the stresses are carried by prestress- 
ing the main ring, which is built around 
the perimeter of the shell, and by the 
use of standard steel reinforcement. 
The prestressing is designed to induce 
sufficient compressive stresses to re- 
verse the tensile stresses set up in the 
ring and shell under the maximum load 
condition. The bending and shear 
stresses, which are greatest near the 
ring, are compensated for by means of 
standard steel reinforcing and by thick- 
ening the shell itself. The seating or 
connection of the new dome roof to 
the old structure was the first consid- 
eration requiring particular attention. 
It was necessary to develop a positive 
connection between the new ring and 
the old structure. It was also known 
that some movement would take place 
in the ring as the compressive forces 
of prestressing were built up. At the 
same time, the joint had to be water- 
tight from the inside under the hydro- 


| 
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static pressure which would be devel- 
oped. 

The top of the old wall was cut 
down to the required elevation and 
leveled off. A key was cut down in 
this surface to form the joint illustrated 
in Fig. 6. The inside half of the joint 
was prevented from bonding with the 
ring by a }-in. mastic joint. This joint 
was subsequently covered on the inside 
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in sections and set in place by instry. 
ment. A full form was used on the 
outside but on the inside the form was 
built up to the springing line of the 
dome only. 

The dome forms were carried on g 
series of posts from the floor of the 
reservoir, with their centers 10 jt 
apart and set in concentric rings, 
Crosspieces were fastened across the 
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Fic. 6. Connection of 


by overlapping the gunite lining and 
bonding it to the ring itself. This final 
operation was, of course, performed 
after prestressing. 

The first step in the construction of 
the roof was to erect a tower in the 
middle of the reservoir to set the center 
point. Since the old walls were not 
truly circular, an average was taken to 
establish this working point. The ring 
forms were prefabricated on the ground 
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Dome Roof to Wall 


tops of the posts at predetermined ele- 
vations to suit the contour of the dome. 
Radial ribs were then laid up on these 
crosspieces, each rib cut to template 
with the correct curvature. The ribs 
were set with wedges to permit ad- 
justment for final setting. The ribs 
were then sheeted over with light form 
lumber and a series of contours run by 
instrument to check and adjust for} 
curvature (Fig. 7). 
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The main reinforcing in the shell 
itself was an electrically welded No. 6 
steel wire mesh (6 X 6 in.) weighing 
approximately 42 |b. per 100 sq.ft. 
The mesh was supported on the form 
by small chairs to locate it in the mid- 
dle of the shell. Special reinforcing 
was used around the manway and ven- 
tilator to transmit the stresses at these 
openings. 

Gunite was used throughout in the 
construction of the roof because it is 
particularly well suited to prestressed 
construction, producing considerably 
higher strengths—an essential feature 
of the design—than ordinary concrete 
and being more economical for the 
light sections involved. Also, the loss 
of stress in the steel due to plastic flow 
and shrinkage is less in gunite than in 
concrete construction. 

The ring, containing about 90 cu.yd. 
of gunite, was shot first and allowed to 
set for several days before shooting the 
shell itself. This procedure to some 
extent prevented shrinkage stresses 
from being transmitted to the shell. 
The dome was then shot in a con- 
tinuous operation. Two cement guns 
were used in 2 12-hour shifts, for five 
and a half days, to complete the shoot- 
ing (Fig. 8). As the shell was built, 
cement finishers followed the nozzle- 
men with special screeds and wood- 
floated the gunite to a smooth and 
even surface. 

Curing was a most important con- 
sideration, as it affects the quality of 
the work to a marked degree. The 
procedure followed involved placing a 
perforated circular pipe around the 
ventilator curb and allowing water to 
flow over the dome continuously. This 
was supplemented by revolving sprink- 
lers. During the actual shooting op- 
eration, the gunite was simply kept 
wet with hoses and sprinklers. The 
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dome was cured for two weeks before 
the prestressing operations commenced. 


Prestressing Reservoir Rim 


In the prestressing operation, a spe- 
cial high tensile strength wire, espe- 
cially developed for this class of work, 
was used. The wire is about 0.162 in. 
in diameter before being drawn and 
has a yield point in excess of 180,000 
psi. and an ultimate strength in excess 
of 220,000 psi. The wire is applied 
with an initial stress of about 140,000 
psi. This high stress is necessary to 


allow for loss of stress which occurs ' 


from shrinkage and plastic flow in the 
gunite and from creep in the steel it- 
self. A great deal of research has 
been done on this subject, and many 
complicated theories have been ad- 
vanced to account for the magnitude 
of this loss. In the Halifax design, a 
working stress of 110,000 psi. was 
used, allowing for a total loss of 30,000 
psi. from all causes. This is believed 
to be a conservative figure and is borne 
out by experience in the field and tests 
in the laboratory. 

Five layers of wire were applied in 
continuous spirals on the ring, using 
a total of about 42 miles, or 12,000 Ib. 
of wire. Each layer was bonded im- 
mediately after winding with a thin 
coat of gunite, and, when this was 
set, the next layer was applied. The 
final layer was covered with about an 
inch of gunite for permanent protec- 
tion. Two layers of wire were also 
wound on the remaining part of the old 
ring to induce some measure of pre- 
stress in this part of the structure and 
to assist in the transmission of stresses 
from the new work to the old. 

The wire-winding machine (Fig. 9) 
hangs from a supporting carriage which 
travels on pneumatic tires around the 
ring. Tie cables to a center pin ex- 
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Fic. 8. Application of Gunite to Reservoir Dome 


cs Fic. 7. Forms for Dome Roof 
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tending through the center of the dome 
hold the carriage to its track. The 
machine itself is self-propelled ; a drum 
operated by a gasoline engine engages 
an endless wire rope passing around 
the perimeter of the structure being 
prestressed. A spring-loaded take-up 
is provided to maintain the amount of 
tension required for proper traction. 
Vertical travel of the mechanism is 
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a few hours to apply the mileage of 
wire needed for an ordinary tank or 
roof. 

Comparing the old roof with the new 
dome, it was found that, including the 
columns, the old roof contained 590 
cu.yd. of concrete and 60,000 Ib. of 
steel. The new roof, including the 
ring, contains only 300 cu.yd. of gunite 
and 27,000 lb. of steel. 


Fic. 9. Prestressing Rim of Reservoir With Wire Winding Machine 


obtained by hand wheels operating a 
simple winch device, although on 
newer machines this is done by auto- 
matic power drive. The wire, which 
is carried on a reel mounted on the 
working platform, is led to a die of 
predetermined size, through which it 
is drawn to develop the necessary 
stress in the wire. Winding of the 
Wire starts at the bottom of the ring 
from an anchor set in the gunite and 
proceeds spirally around the circum- 
ference. Each coil of wire is jointed 
to the following roll by a special tor- 
pedo splice. The machine travels at 
a speed of about 3 mph., requiring only 


Inspection Tests and Results 


Strict field control was maintained 
on this project, with sieve analysis 
and colorimetric tests being taken reg- 
ularly as the job progressed. Density 
and porosity tests were made from 
time to time by a qualified chemist of 
the National Research Council of Can- 
ada. All test results were excellent. 

Difficulty was encountered first in 
making a true comparative sample of 
the gunite in the structure for com- 
pression tests. Finally the method de- 
scribed below was used successfully, 
and results showed strengths of well 
over 4,000 psi.: 
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A 6-ft. board (12 x 2 in.) placed 
horizontally was shot with the mixture 
being used to a thickness of 4 in. or 
more. After the mortar had taken a 
firm initial set, usually about one hour, 
it was trimmed inward from the edges 
of the board to a distance of approxi- 
mately 1 in., to permit the placement 
of 4-in. screed boards. These boards 
were set in place and used as guides 
for cutting the mortar surfaces by 
sharp-edged tools, to a depth parallel to 
and 4 in. from the bottom of the slab. 
A 4x 6-in. high wooden or steel 
cylinder was used to mark out speci- 
mens approximately 8 in. apart (center- 
to-center) along the center line of the 
top surfaces of the slab. The material! 
was then cut away, outside of the cir- 
cular marking, by sharp-edged tools 
(such as trowels) until specimens 
slightly more than 4 in. in diameter 
were obtained. The steel cylinder was 
set on top of the specimen and was 
used as a vertical guide, for a cutting 
spade having a sharp lower edge, a 
width equal to $ the circumference of 
the cylinder, and a shape curved to fit 
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the surface of the cylinder. This too 
is approximately 8 in. long and jg 
equipped with a suitable handle. It jg 
operated vertically to shave the speci. 
men to true dimensions, using the cyl- 
inder as a guide. Upon completion, 
the specimens were immediately coy- 
ered with burlap and kept thoroughly 
moistened for a period of 12 hours, 
after which they could be moved and 
immersed in water or otherwise cured. 

The entire outside surface was fin- 
ished with a white cement weather- 
proof brush coat. Fill has been placed 
against the outside wall to a height of 
15 ft. above the original grade. Next 
year this will be graded and seeded 
and the adjacent property made into a 
scenic park, with benches and flower 
beds improving a once desolate “Hun- 
gry Hill.” 
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Care of Power Tools and Equipment 
By D. M. Van Norman 


A paper presented on Oct. 25, 1946, at the California Section Meeting, 
San Francisco, Calif., by D. M. Van Norman, Equipment Supt., Dept. 
of Water and Power, Water System, Los Angeles, Calif. 


| i ER tools and equipment are 
vital to the creation and smooth 
functioning of any water system. Such 
equipment as air compressors, pumps 
and motor vehicles of all sorts, pow- 
ered by gasoline, diesel oil or electric- 
ity, are used for a variety of purposes. 
It is important that they be maintained 
in working order and that advance 
provision be made for their replace- 
ment, when necessary. 

In the Los Angeles Dept. of Water 
and Power, the great variation in 
physical conditions under which power 
equipment must perform makes its 
proper care and maintenance a matter 
of considerable importance. The Los 
Angeles Aqueduct System is more 
than 350 miles long and extends from 
the Owens Valley in the Sierra Moun- 
tains across the Mojave Desert through 
the Tehachapi Mountains to San Pe- 
dro Harbor. Thus it can easily be 
understood that all kinds of climatic 
conditions, from the freezing tempera- 
tures of the mountains to the dry, ex- 
cessive heat of the desert—as well as 
the fogs and salt air of the coast—are 
encountered in the course of normal 
operation. Likewise, equipment oper- 
ating conditions are influenced by air 
densities ranging from those experi- 
enced at sea level to those at thousands 
of feet of elevation, and by road condi- 
tions varying from the modern paved 


highway to mere trails across the des- 
ert and mountainous terrain. 

At present, the Los Angeles Water 
System operates 522 cars and trucks 
of various sizes, ranging from 10-ton 
capacity trucks towing 10-ton trailers 
down to $-ton pickup trucks, passenger 
cars and a few jeeps. The average 
distance traveled per year by this 
fleet under wartime conditions (from 
1942 to 1945) was 4,229,075 miles. 

These trucks and cars operate in 
the Los Angeles Metropolitan Area 
under all kinds of conditions, some 
delivering pipe to new subdivision 
tracts, others hauling freight over des- 
ert and mountain roads to numerous 
points along the aqueduct. 

To keep the equipment running with 
as little loss of time as possible, par- 
ticularly during the past wartime years, 
has been a tremendous problem. Due 
to the inability to obtain new equip- 
ment, it has been necessary to operate 
cars and trucks far beyond the mile- 
age limits set prior to the war. For 
example, cars and pick-up trucks that 
had once been turned in for replace- 
ment after registering 60,000 miles are 
now being operated at 120,000 miles 
and more. Inability to obtain new 
units has made operation of this older 
equipment necessary, and naturally has 
increased the amount of maintenance 
and repairs necessary. The present 
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method used by the Los Angeles Wa- 
ter System in the maintenance of its 
transportation equipment may be out- 
lined briefly. 


Methods of Upkeep 


Automobile inspectors are assigned 
a certain group of cars and trucks, 
which they inspect monthly. This in- 
spection consists of a thorough exami- 
nation of the car or truck, including a 
check of the engine, transmission, 
brakes and other parts. A record of 
each inspection, which indicates the 
miles traveled, future repairs needed 
and any other pertinent data, is made. 
If an inspection indicates that a unit 
is in immediate need of repair work, 
an inspector’s shop order is written 
for the repairs needed and given to the 
transportation dispatcher, who orders 
the unit into the shop as soon as he 
can furnish a replacement for it. 

The inspector’s shop order is then 
turned over to the shop foreman, who 
estimates the cost of labor and mate- 
rial required to repair the unit. If 
this estimate is less than $50 for cars 
or $100 for trucks, it is assigned to 
the various auto machinists in the 
shop, and the work is begun. If the 
estimated repairs exceed the above 
amounts, however, the shop order is 
transmitted to the transportation office, 
where the cost of the upkeep of the 
car or truck is checked. When the 
records indicate that the cost of re- 
pairs are warranted, the inspector's 
shop order is approved: the job card 
number is assigned; and the order is 
returned to the shop foreman, who 
immediately starts the repairs. 

If the work is a general overhaul, 
the motor is sent to the motor shop. 
Repairs to the transmission or differ- 
ential are handled by an auto machinist 
working in the pits. The electrical 
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shop takes care of generators, starter} Ser 
and all wiring. After the job is com | 
pleted, the unit is turned over to tht oe. 
tune-up men who analyze the burnej a 
gases to evaluate the combustion eff + 
ciency. The equipment is then turne 
over to the inspector to whom it ; 
regularly assigned. He checks it thot 
oughly and, if it is satisfactory, turn) Mii 
it over to the dispatcher to be put int 7 
operation. If it is not satisfactory, J pot 
is returned to the shop for furthe eve 
work. 
Heavy construction equipment i} pot 
handled by a different crew of mer} jhe 
listed as heavy construction machinist to 
These men repair caterpillars, cemen} jan 
mixers, trenchers, compressors ang cyt 
similar equipment. The system con} 7 
trolling performance of the work ig ;. , 
much the same as that for mobile equip} yeh 
ment, except that more repairs ar 7. 
done in the field by heavy construc} gan 
tion machinists and, when possible, or} ga 
dinary repairs are performed on thé af 
job on which the equipment is being ya, 
used. 


Rental Charges 
Every piece of equipment working tior 
for the department is covered by @ pre 
daily equipment card. The number of ing 
hours the equipment is worked if of 
marked on the card, and a rental rat cu.t 
is charged against the job on whic} an 
the equipment is working. These figh gas 
ures, reported by the man in charg The 
are checked against the gasoline con} mo 
sumption at the end of the month an mot 
if there is a discrepancy, it is assumeg afte 
that the equipment cards are not being the 
kept properly. This fact is called t@ 8h 
the attention of the superintendent if the 
charge of the division in which the dis} cha 
crepancy has occurred; a_retroactiv§ hou 
check is made; and the cards are cof 17 
rected. 
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Servicing Equipment 

Lubrication is the oiling or greasing 
of moving parts and the changing of 
lubricant of engines, transmissions and 
differentials. Several methods are used 
to determine when lubrication is re- 
quired. 


Mileage Basts 

The oil in cars and trucks up to but 
not including 14-ton trucks is changed 
every 2,000 miles if the unit is equipped 
with an adequate filter. If the filter is 
not considered of sufficient capacity, 
the oil is changed whenever it appears 
to contain an excess amount of con- 
tamination—carbon, fuel dilution, metal 
cuttings or sludge. 

The oil in 14-ton or heavier trucks 
is changed every 1,000 miles, and the 
yehicle is lubricated at the same time. 
Transmission and differential lubri- 
cants in cars and light trucks are 
changed every 10,000 miles; in trucks 
of over 14-ton capacity, changes are 
made every 5,000 miles. 


Gasoline Consumption and Time Basis 


The frequency of oil change for sta- 
tionary equipment, such as air com- 
pressors, blowers, pumps and generat- 
ing units, depends upon the quantity 
of gasoline used. For example, a 105- 
cu.ft. compressor is lubricated and has 
an oil change after using 150 gal. of 
gas, or 48 hours of steady running. 
The engine oil is changed in heavy 
movable equipment, such as tractors, 
motor graders and trenching machines, 
after every 48 hours of operation, but 
the equipment is lubricated after only 
8hours of operation. The lubricant in 
the transmission and differential is 
changed after approximately 1,000 


hours of operation. 
The lubricant generally used comes 
in the S.A.E. 140 range, except for 
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special cases, in which the manufac- 
turer's recommendation is followed. 
Oil filters are installed on all except 
very small types of equipment. Filter 
elements are changed when the oil or 
dip stick shows excessive contamina- 
tion. 

Exception is made to the customary 
practice when an analysis of the used 
oil from any unit shows excessive oil 
contamination before the limit set. 
For such equipment, a change is made 
compatible to the type of operation to 
which the equipment is subjected. For 
example, intermittent operation and 
too frequent use of the choke cause 
quicker oil contamination. 

To maintain all this equipment, it 
is necessary to have service trucks 
working in the field. These trucks are 
equipped with an air compressor, 


force-feed lubrication grease guns, 
gasoline tanks and so on. These mo- 


bile service stations lubricate and serv- 
ice equipment on the job. 


Air Cleaners 


Air cleaners, either of the dry or oil 
bath type, are cleaned at every lubri- 
cation period. If conditions warrant, 
they are cleaned every time the equip- 
ment is serviced. 


Tires and Tubes 


Tire maintenance consists of check- 
ing air pressure weekly on all pneu- 
matic tire equipment. At this time 
the tires are also checked for cuts, 
breaks, abnormal wear, proper mating 
on duals and the need for tire rotation. 

In mating tires on duals, the diam- 
eter differential must not exceed $ in. 
This check shows whether the wheels 
are not aligned and, if any abnormal 
condition is found, the equipment is 
immediately sent to the shop for cor- 
rection. 
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Any tire on which the tread is worn 
almost smooth, although the carcass is 
in good condition, is removed for re- 
capping. Tires that have once been 
recapped are regrooved when the tread 
has worn smooth, to prevent skidding. 
They are not recapped more than once, 
however, under normal circumstances. 
It was found that the shortage existing 
during the war made it necessary to 
recap tires as long as they were in 
fair condition, but under present sup- 
ply conditions, and with increased road 
speeds permitted, it is considered un- 
safe to carry an old carcass too long. 


TABLE 1 
Increase in Maintenance Costs, 1942-45 
Increase 
per cent 
Gasoline 5.71 
Motor oil 7.34 
Batteries 39.32 
Tires 27.43 
Maintenance labor 31.76 
Materials 95.61 
Miscellaneous 5.40 
Unallocated expenses 14.38 
TOTAL AVERAGE INCREASE 24.00 


Increase of Maintenance Costs 


Some facts pertinent to the opera- 
tions of the automotive fleet during a 
three-year period from July 1, 1942, 
to June 30, 1945, may be listed: 
Maintenance and operation costs in- 
creased 24 per cent, as itemized in Ta- 
ble 1; mileage decreased 6 per cent. 
The factors causing this difference 
are, in order of importance: 

1. Decrease in mileage, caused by 
gasoline rationing and curtailment of 
system extensions. 

2. Decrease in maintenance activi- 
ties. Often there was a shortage of 
materials because of government requi- 
sitioning for military installations of 
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pipe and fittings from the department's, 


stock on hand. Frequently it was nee. 
essary to fabricate or repair parts jp 
the department shops that in norma} 
times could have been replaced much 
less expensively. Often transmission 
gears, shafts and other unobtainable 
parts were made and installed in the 
shops. 

3. Inability to replace units of the 


fleet with new equipment, thus necesgj-} ; 


tating continued repairs to units that 
would otherwise have been replaced, 

4. Increased cost of labor. 

5. Increased cost of materials and 
parts for repairs. As time went on, 
these were almost impossible to obtain 
for the older car and truck models, 

6. Another factor that is hard to 
estimate was caused by the induction 
of experienced operators into the mili- 
tary service. This forced the depart- 
ment to use whatever available men 
could be adapted and trained. 

All of these factors, of course, made 
the operation of the fleet unusually 
costly. 


Treatment by Operators 


The amount and kind of maintenance 
work needed depend to a great extent 
upon the treatment which equipment 
received from the operators. Every- 
one knows what “gunning” the motor 
and “jackrabbit” starts do to a car 
and truck. There is no need to detail 
abuses of racing motors, quick appli 
cation of the brakes and other common 
abuses of careless drivers. 

One important detail that should he 
stressed is the difficulty in convincing 
drivers of the importance of care it 
starting a cold engine. The engine, 
when last stopped, was hot. The hot 
oil was thin and thus drained from the 
cylinder walls into the crankcase. 
Cold starting therefore means a few 


The 
malt 
mak 
F 
the | 
oil « 
and 
addi 
polis 
T 
the 


Exc 
wa 
4 
a off | 
Ofte 
vate 
4 the | 
wou 
hive 
hol 
4 one- 
| 
: 
Mai 
2 


‘Ment's 
AS Nec- 
arts in 
normal 
much 
nission 
1inable 
in the 


of the 
eCESSi- 
that 


ced, 


Is and 
nt on, 
obtain 
lels. 
ird to 
uction 
> mili- 
epart- 
men 


made 
‘sually 


nance 
extent 
pment 
motor 
a Car 
detail 
appli- 
nmon 


tld be 
necing 
re in 
igine, 
e hot 
m the 
<case. 
1 few 


June 1947 CARE OF 
gconds of metal rubbing on metal. 
Excessive choking floods the cylinder 
walls with raw gasoline, which washes 
off the small amount of oil remaining. 
Often the resulting damage is aggra- 
vated because the driver then races 
the motor to warm it up. If the driver 
would let the motor idle for at least 
fve seconds after starting with normal 
choking, the reduced wear on cylinders 
and piston rings would add at least 
one-third to the life of the engine. 


Maintenance Crew Required 


Six inspectors in shop and_ field 
check equipment in and out for repairs. 
They write reports of work to be done, 
maintain records of equipment and 
make minor repairs. 

Forty-six garage attendants service 
the equipment. They lubricate, make 
oil changes, check water in radiators 
and batteries and examine tires. In 
addition, they steam-clean, wash and 
polish equipment. 

Thirty-one auto machinists repair 
the equipment. There are specialists 
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for motor repairs, brake repairs, engine 
tune-ups, electrical needs, wheel align- 
ing and chassis repairs. These men 
are listed as motor men, brakemen, 
tune-up men, electricians, wheel men, 
pit men and helpers. Outside shops 
and field have fourteen additional auto 
machinists. 

There are nine heavy equipment 
machinists of all types to maintain the 
equipment in the heavy class. Out- 
side shops and field have two more 
heavy equipment men. 

Besides the specialists mentioned, 
there are two each of the following: 
battery men, metal men, upholsterers 
and painters. 

Two dispatchers route the equip- 
ment to its correct destinations. 


Conclusion 


It may be seen that many variables 
influence the life of power tools and 
equipment. Smooth functioning of 
such equipment requires the full co- 
operation of all: the inspector, the shop 
mechanic and the equipment operator. 
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Mutual Aid Program for Peacetime 
By Earl Devendorf 


A paper presented on April 10, 1947, at the New York Section Meet 
ing, Buffalo, N.Y., by Earl Devendorf, State Water Co-ordinator and 
Assistant Director, Div. of Sanitation, State Dept. of Health, Sche- 


nectady, N.Y. 


HE success of the New York State 
Mutual Aid Program, which was 
developed during the early days of the 
recent war and became a national pat- 
tern for the country, has been widely 
discussed and reviewed (1-5). The 
program was designed to assist local 
water supply and sanitation authorities 
in meeting emergencies and to facili- 
tate the prompt rendering of aid from 
adjoining or neighboring communities. 
It was developed as a part of the mobi- 
lization of the state and its communi- 
ties to safeguard or restore water serv- 
ice promptly and effectively in wartime 
emergencies or peacetime catastrophies. 
Under the provisions of Chapter 
574 of the Laws of 1942 passed by the 
New York State Legislature and ap- 
proved by the Governor, the needed 
authority for carrying out the objec- 
tives of the Mutual Aid Program was 
provided. The original act was the 
result of a study of the State Dept. 
of Health in co-operation with the 
Conference of Mayors, the Town As- 
sociation and a committee of the Legis- 
lature. Subsequently, under the provi- 
sions of Chapter 729 of the Laws of 
1946, constituting Section 120-u of the 
General Municipal Law, the Mutual 
Aid Plan was placed on a permanent 
peacetime basis. The text of this chap- 
ter is given in the appendix to this 
paper. Certain provisions that related 
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solely to the war have been eliminated 
in the revised statute, but the essential 
features of the program that have 
proved to be of value and use in peace- 
time operations have been retained. 
Under the provisions of this statute, 


the state is divided into 22 zones which 


are identical with the existing State 
Dept. of Health districts, except for 
the separate zones comprising West- 
chester, Nassau and Suffolk counties, 

A key water works official was ap- 
pointed as a zone co-ordinator in each 
zone, and the district engineers of the 
State Dept. of Health and the county 
sanitary engineers of Westchester, 
Nassau and Suffolk counties were ap- 
pointed as assistant zone co-ordinators, 
With the proposed reorganization plans 
of the department, it is contemplated 
that some of the existing health dis- 
tricts will be consolidated or abolished, 
with the result that it may be found 
desirable to make some modification 
of the present zone areas in the future. 

A sanitation and water works man- 
ual was compiled and published by the 
New York State War Council for the 
purpose of providing constructive in- 
formation and guidance for local water 
authorities. This manual, which is a 
valuable reference book, was placed in 
the hands of all water works authori 
ties in the state. Additional copies are 
still available for distribution, and 
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every water works superintendent and 
foreman is advised to obtain a copy if 
he does not already have one. 

There is no longer a need for the 
-ontinuation of the special water serv- 
‘ce training schools through which 
2500 volunteer and regular water sup- 
ly personnel received instructions in 
.ccordance with the lessons outlined 
in the manual. With the end of the 
war, the State Dept. of Health, in co- 
operation with the Municipal Training 
Institute, is again conducting training 
courses for water works operators, 
the first having been held April 14— 
16, 1947. These schools will satis- 
factorily meet the need for training of 
water works employees. 

During the early months of the war, 
lone of the most important features of 
the program was the mutual aid in- 
ventory of water works material. This 
inventory, which was necessitated by 
the ever-increasing difficulty of obtain- 
ing critical water works materials, was 
undertaken in co-operation with a spe- 
cially appointed Inventory Committee 
of the New York Section of the A.W. 
\W.A. and was planned with the co- 
operation of the War Production Board 
and the Office of Civilian Defense. 
With the close of the war, the need 
for maintaining such an inventory no 
longer exists. 

Through the operation of the Mutual 
Aid Program, many municipalities 
whose maps and records of the water 
supply distribution system had been 
Jost or mislaid were supplied with such 
records. One of the important earlier 


vobjectives of the program was the 


promotion, to the greatest degree pos- 
sible, of inter-connections wherever 
feasible and practical between adjoin- 
ing public water supply systems, so 
that, if the water supply in one system 


should fail, service could be continued 
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in some measure by drawing upon the 
other. The records and replies re- 
ceived from the zone co-ordinators 
show that throughout the state there 
are now 228 such inter-connections. 
Since the connections are only prac- 
ticable where the water systems are in 
close proximity, it follows that the 
majority have been installed in densely 
populated areas of the state. There 
have been numerous instances where 
the use of these inter-connections has 
proved of value in preventing inter- 
ruption in water service, where such 
relief measures would otherwise have 
been impossible. 

A brief, general summary of the 
accomplishments of the Mutual Aid 
Program is all that has been presented 
here. Although some of the proce- 
dures that were adopted, such as the 
inventory of water works equipment 
and the training of water works aux- 
iliaries, have been discontinued because 
of changed conditions at the conclu- 
sion of the war, much of the original 
program will continue to be of value 
to water works authorities. 

Experience has shown that the pro- 
gram has resulted in a closer bond 
between water works superintendents 
and officials than ever existed before, 
and that it has brought about a realiza- 
tion that.all municipalities have a com- 
mon interest in the all-important prob- 
lem of maintenance and operation of 
our municipal water supplies. 

As previously stated, the success of 
the New York State Mutual Aid Pro- 
gram has been due largely to the loyal 
and conscientious efforts of the zone 
and assistant zone co-ordinators, the 
water works authorities and the sup- 
port of the A.W.W.A. The continued 
co-operation of all these agencies in 
peacetime is essential, if the program 
is to continue to function effectively in 
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emergencies, facilitating aid from ad- 
joining communities and insuring the 
prompt restoration of water service. 


3. ——. Mutual Aid in New York Duy} 

1942. Jour. A.W.W.A., 35:201 (1943) 

References 4, ——. Recruiting and Training 

ies for W 

1. Daprert, ANSELMO F. New York State WA. '95:1090 ( a Jour. AM 
Mutual Aid Plan for Water Service in) 5 —___ ee York State Mutual 

Case of Emergencies. Jour. A.W.W.A., Program. Jour. A.W.W.A., 377 

34:189 (1942). (1945). 
APPENDIX 


Chapter 729 of the Laws of New York of 1946 


An act to amend the general municipal law, in relation to mutual aid for 
water service in municipalities in the event of emergency. 


April 14, 1946, with the approval of the Governor. 


being present. 


The People of the State of New York, 
represented in Senate and Assembly, do 
enact as follows: 


Sec. 1. Subdivisions one and two of 
section one hundred twenty-u of chapter 
twenty-nine of the laws of nineteen 
hundred nine, entitled “An act relating 
to municipal corporations, constituting 
chapter twenty-four of the conselidated 
laws,” such section having been added 
by chapter five hundred seventy-four of 
the laws of nineteen hundred forty-two 
and thus renumbered by chapter seventy- 
five of the laws of nineteen hundred 
forty-three, are hereby amended to read 
as follows: 


1. As used in this section: (a) “Mu- 
nicipal corporations,” “municipality” or 
“municipal” means and includes any city 
or incorporated village, which owns and 
operates a water system for domestic, 
commercial or public uses; and subject 
to the provisions of subdivision thirteen, 
a water district located within a town; 

(b) “Water system” means and in- 
cludes all the pipes, pumping stations, 
elevated tanks and other structures and 
appurtenances necessary to the delivery 
of water under pressure and owned and 
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2. Devenvorr, Eart. The Mutual Aid Pro 
gram at Work: New York Sta 
Jour. A.W.W.A., 34:1179 (1942), 


Became a law 
Passed, three-fifths 


operated by a municipality, water work: 
corporation, industrial corporation of 
other water purveyor ; 

(c) “Inter-connection” means and in! 
cludes all of the piping, valves, pumps or 
other appurtenances installed betweey 


two different water systems which ar 
necessary to make it possible for wate 
from either system to be supplied to 
other. 

(d) “State co-ordinator” means. thé 
state co-ordinator of water supply ap 
pointed by the state commissioner 0 
health pursuant to the provisions of thi 
section. 

(e) “Emergency” means a temporary 
condition of failure or inadequacy of th 
supply of water resulting from stress 0 
weather, convulsion of nature, fire, fail 
ure of power, mechanical breakdo 
breakage or stoppage of mains and othet 
portions of the water works system either 
from accident, malice, acts of war of 
civil commotion, or other generally wu 
foreseeable events and temporary inter: 
ruptions of service due to repairs, re 
placements or extensions. 

2. It is hereby found, determined and 
declared to be in the public interest tha 
a mutual aid plan for water service it 
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event of possible emergency be established 
for municipalities, water works corpora- 
tions and other purveyors of water in this 
state; that an adequate and continued 
supply of water to all the people of the 
sate is a public purpose vital to the public 
health and welfare; and that any mu- 
nicipality in the exercise of its powers 
hereunder will be performing an essen- 
tial governmental function vital to the 
public security and for the protection of 
the property of the municipality and its 
inhabitants. 

Sec. 2. Paragraph (b) of subdivision 
three of section one hundred twenty-u of 
such chapter, such section having been 
added by chapter five hundred seventy- 
four of the laws of nineteen hundred 
forty-two, and thus renumbered by chap- 
ter seventy-five of the laws of nineteen 
hundred forty-three, is hereby amended 
to read as follows: 

(b) to construct necessary waterlines 
to extend water service and to acquire 
necessary lands, easements or other in- 
terests in lands and rights of way there- 
for either within or outside of the mu- 
nicipality for that purpose ; 

Sec. 3. Subdivision four of section 


one hundred twenty-u of such chapter, 


such section having been added by chap- 
ter five hundred seventy-four of the laws 
of nineteen hundred forty-two, and thus 
renumbered by chapter seventy-five of 
the laws of nineteen hundred forty-three, 
is hereby amended to read as follows: 

4. Inter-connections or extensions lo- 
cated wholly or in part outside the 
bounds of the municipality shall be con- 
structed in accordance with the provi- 
sions of law, ordinance or regulation ap- 
plicable to the construction of municipal 
public works located within the con- 
structing municipality. The making of 
such inter-connections and the continued 
supply of water through any such inter- 
connection located wholly or in part out- 
side of the bounds of the municipality for 
a period not longer than the necessary 
and unavoidable duration of the emer- 
gency and in no case for a period longer 
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than six months shall not require the 
previous consent and approval of the 
water power and control commission. 
However, extension of water service out- 
side the bounds of a municipality shall 
require the prior consent and approval of 
the water power and control commission. 
The municipalities or water works cor- 
porations or other purveyors of water 
which shall have their water systems 
inter-connected for emergency purposes 
shall have joint control, possession and 
supervision over such inter-connections 
under the terms of a joint agreement to 
be effected by them and shall have all the 
rights, privileges and jurisdiction neces- 
sary or proper for carrying such powers 
into execution. No provision of this 
section shall operate to limit or restrict 
any municipal power otherwise granted 
by law. 

Sec. 4. Subdivision five of section 
one hundred twenty-u of such chapter, 
such section having been added by 
chapter five hundred seventy-four of the 
laws of nineteen hundred forty-two and 
thus renumbered by chapter seventy-five 
of the laws of nineteen hundred forty- 
three and such subdivision amended by 
chapter seven hundred ten of the laws of 
nineteen hundred forty-three, is hereby 
amended to read as follows: 

5. Whenever a municipal corporation 
shall have authorized the construction of 
the whole or part of any inter-connection, 
or any extension of a line to provide 
water service, the officers charged by 
law with the duty shall prepare a map 
or plan of the improvement, until such 
map and plan, if it be for an inter-con- 
struction of the inter-connection or ex- 
tension nor shall any rights of way be 
acquired therefor nor shall any expense 
be incurred by any municipality, except 
for the preparation of the map or plan 
of the improvement. No contract shall 
be entered into for the connection, shall 
be presented to and approved by the state 
co-ordinator, nor until such map and 
plan if it be for an extension shall be 
presented to and approved by the water 
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power and control commission with such 
modifications, if any, as he or it, as the 
case may be, shall determine. Upon 
approval of plans for an inter-connection, 
the state co-ordinator shall file a cer- 
tiiicate thereof with the clerk or corre- 
sponding officer of the municipality pro- 
posing the improvement and in the case 
of a town water district, with the town 
clerk of the town in which such district 
is located. Whenever a municipal cor- 
poration shall propose to construct an 
inter-connection jointly with another 
municipal corporation, or jointly with a 
water works corporation or other pur- 
veyor of water, the proposals shall pro- 
vide the portion of the expense to be 
borne by each and shall be submitted to 
the state co-ordinator for approval. The 
submission of proposals by a municipal 
corporation for the construction of an 
inter-connection jointly with another 
municipal corporation, water works cor- 
poration or other purveyor of water, 
shall not bind the municipality to the 
performance of the work or of any part 
thereof, and any such municipal corpora- 
tion may withdraw from the proposal at 
any time prior to the execution of the 
contract for the performance of the work. 
The municipal corporation shall have 
power to acquire by purchase or eminent 
domain proceedings, lands and easement 
rights necessary for the improvement 
both within and outside of the munici- 
pality. This section, however, shall not 
authorize the taking of any lands already 
devoted to a public use. In any proceed- 
ing for the acquisition of lands or ease- 
ment rights or other interests in land 
where the municipality is unable to ac- 
quire the same by purchase, the munici- 
pality after written notice served upon 
the parties to whom such lands are as- 
sessed on the last annual tax rolls either 
by leaving the same at the residences of 
the parties or by publication in the 
official paper or papers and after filing 
with the supreme court a map and de- 
scriptions of the land to be taken, shall 
have the power to enter immediately 
upon such lands and to proceed with con- 
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struction of the inter-connection or ex. 
tension, but the compensation to be paid 
to the owner of such lands shall be 
ascertained as soon as practicable by the 
supreme court without a jury and jp 
such event jurisdiction is hereby con. 
ferred upon the supreme court to do 
every act which commissioners of ap. 
praisal may do under the condemnation 
law. Nothing herein, however, shall 
operate to restrict the powers of a mu- 
nicipal corporation to acquire lands or 
easement rights for a public purpose in 
a manner otherwise provided by law. It 
shall be lawful for any municipal officer 
or employee charged by law with the duty 
to acquire lands and easement rights for 
the municipality to enter upon private 
property without the consent of the 
owner for the purpose of making in- 
spection, investigation, examination or 
survey or for any other purpose relating 
to the construction of an inter-connec- 
tion or extension or the acquisition of 
lands and easement rights therefor. 
Sec. 5. Subdivision twelve of section 
one hundred twenty-u of such chapter, 
such section having been added by chap- 
ter five hundred seventy-four of the laws 
of nineteen hundred forty-two and thus 


renumbered by chapter seventy-five of | 


the laws of nineteen hundred forty-three, 
is hereby amended to read as follows: 
12. To further the purposes of this 
section, to promote the installation of 
needed inter-connections and the rein- 
forcement of water supply systems to 
meet any possible emergency conditions 
and to facilitate the interchange of water 
works personnel, equipment, materials 
or supplies between municipalities, water 
works corporations or other purveyors 
of water in event of emergencies, the 
state commissioner of health may appoint 
a state co-ordinator of water supply and 
may divide the state into any number of 
water service zones and appoint zone 
co-ordinators of water supply and as- 
sistant zone co-ordinators of water supply 
who shall be officials or employees of the 
state department of health, municipal or 
county departments of health or public 
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yorks or municipal water works and 
hall serve without additional compensa- 


jon for services rendered under or 
oyrsuant to the provisions of this section. 
it shall be the duty of all local water 
oficials to co-operate with the state and 
‘one water supply co-ordinators on all 
watters related to mutual aid for water 
vervice. 

The state co-ordinator shall have 
power 

(a) to investigate and study existing 
water systems in the state as to the need 
ior their reinforcement, integration or 
inter-connection to meet the requirements 
of any public emergency ; 

(b) to collect and disseminate infor- 
mation and data and to engage in tech- 
nical studies, scientific investigations and 
gatistical research relating to inter-con- 
necting water systems ; 

(c) to collect and disseminate infor- 
mation and data on the extent and avail- 
ability of water personnel, water equip- 
ment and other water works materials 
and supplies ; 

(d) to ask for and receive aid and 
assistance from zone co-ordinators, as- 
sistant zone co-ordinators and municipal 
and water works officials in the per- 
jormance of his duties; 

(e) to review and co-ordinate plans 
aad preparations for exchange of per- 
sonnel, equipment, materials and supplies 
letween municipalities or between mu- 
nicipalities and water works corporations 
and water districts in an emergency; 

({) to review and approve or disap- 
prove plans for the inter-connection of 
water systems. 

Fach zone co-ordinator, with the as- 
sistance of the assistant zone co-ordinator, 
shall have jurisdiction within the water 
ervice zone in and for which he is 
appointed : 

(a) to aid in the preparation of plans 
or water inter-connections or exten- 
sions ; 

(b) to tabulate the extent and avail- 
ability of personnel, equipment and other 
water works materials and supplies; 
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(c) to formulate plans for the ex- 
peditious use of the available personnel, 
equipment and other water works ma- 
terials and supplies in case of an emer- 
gency. 

Sec. 6. Paragraph (a) of subdivision 
thirteen of section one hundred twenty-u 
of such chapter, such section having been 
added by chapter five hundred seventy- 
four of the laws of nineteen hundred 
forty-two and thus renumbered by chap- 
ter seventy-five of the laws of nineteen 
hundred forty-three, is hereby amended 
to read as follows: 

(a) Notwithstanding the provisions of 
section one hundred ninety-seven of the 
town law prohibiting the award of con- 
tracts if the total expense of the improve- 
ment shall exceed the maximum amount 
proposed to be expended for the im- 
provement as stated in the petition for 
the establishment or extension of the 
district, the town board may direct the 
town engineer, or if there be no town 
engineer, a competent civil engineer duly 
licensed by the state of New York, to 
prepare a map and general plan for the 
construction of an inter-connection be- 
tween the water system of the district and 
any other water system or for the con- 
struction of an extension of the water 
system of the district and to prepare an 
estimate of the portion of the expense 
thereof to be borne by the district. When 
such map, plan and estimate are sub- 
mitted, the town board shall call a public 
hearing thereon and cause a_ notice 
thereof to be published and posted and 
such hearing to be held, all in the man- 
ner provided in section two hundred and 
two-b of the town law. After such 
hearing and from the evidence given 
thereat, if the town board shall determine 
that it is in the public interest to con- 
struct the inter-connection or extension 
and that all property and property owners 
within the district will be benefited 
thereby, it may proceed with the work 
subject to other applicable provisions of 
this section. A copy of the determina- 
tion of the town board, signed and 


SEs 
> 
: 
aig 
4 
4 
BR 


certified, shall be duly recorded in the 
office of the clerk of the county in which 
the town is located and when so re- 
corded shall be presumptive evidence of 
the regularity of the proceedings of the 
town board. Any interested party ag- 
grieved by the determination of the town 
board may review the same in the manner 
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set forth in article seventy-eight of the 
civil practice act provided that applica. 
tion for such review is made within 
thirty days from the time of filing the 
determination in the office of the county 
clerk. 

Sec. 7. This act shall take effect im. 
mediately. 


The following amendments to the 
Constitution of the American Water 
Works Association have been prop- 
erly proposed to and are recommended 
by the A.W.W.A. Board of Directors. 
In accordance with Article V, Sec. 1.6, 
of the Constitution, the proposals will 
be submitted for discussion at the an- 
nual conference to be held in San 
Francisco, July 21-25, 1947. In study- 
ing these recommended changes, mem- 
bers should refer to the present text 
of the Constitution as printed on pages 
207-211 of the November 1946 Mem- 
bership Directory. 

The recommended revisions are as 
follows: 

Art. III, Sec. 2-i—Amend to read: 
The latest living Past President of the 
Association who is, ex officio, Chair- 
man of the General Policy Committee. 

Art. III, Sec. 2-h—Amend to read: 
The Chairman of the Committee on 
Water Works Administration. 

Art. III, Sec. 2—Add subsection i 
to read: The Chairman of the Publi- 
cation Committee. 

Art. IV, Sec. 1.3—Amend the first 
sentence to read: When more than one 


Proposed Amendments to A.W.W.A. Constitution 


name is nominated for any office, the 
election shall be by letter ballot. 

Art. V, Sec. 1.1—Amend to read: 
Proposals to amend this Constitution 
may be made by any ten or more Ac- 
tive Members of the Association, pro- 
vided that such proposals are filed, in 
writing, with the Secretary not less 
than 30 days prior to any stated meet- 
ing of the Board. It shall be the Sec- 
retary’s duty to submit such proposals 
to the Board of Directors at its next 
stated meeting. 

Art. V, Sec. 1.2—Amend to read: 
The Board shall consider the proposals 
at any stated meeting (Constitution 
Art. ITI, Sec. 9; Art. IV, Sec. 1) and 
the proposers shall be notified of the 
Board’s action in regard thereto not 
later than 30 days after such meeting. 

Art. V, Sec. 1.3—Amend to read: 
The proposers may then withdraw their 


proposals, accept any change 


gested, or insist on the original form, 
sending their decision to the Secretary 
not later than thirty days after the date 
of the Secretary's notice of the Board's 
action. 
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Legislative Protection for Indiana Ground Waters 


ernor on March 12. 


Assembly early this year. 


¢ 


BILL for an Act to conserve and 

protect the ground water resources 
of Indiana, and to require a permit for 
the use of such waters for air-condi- 
tioning and cooling purposes. 

Wuereas, during the past several 
years the use of ground water for mu- 
nicipal, industrial and air-conditioning 
purposes has increased tremendously 
and, 

WHEREAS, ground water levels in 
many cities and industrial areas have 
receded to a point where the adequacy 
of the supply is being threatened, and 

WuHereas, the sewerage systems of 
many of these areas are being over- 
taxed as a result of excess quantities 
of ground water used for air-condition- 
ing and cooling purposes being dis- 
charged into them. 

Wuereas, the public health and wel- 
fare may be jeopardized if the use of 
ground water for air-conditioning and 
cooling purposes is left unabated, there- 
fore: 

Be it enacted by the General As- 
sembly of the State of Indiana: 

Sec. 1. That it shall be unlawful 
after January Ist, 1948, for anyone to 
remove more than two hundred gallons 
per minute of water from the ground 
by any means and use it for air-condi- 
tioning or cooling of air purposes un- 


Presented herewith is the text of Chapter 154 of the Indiana Acts of 
1947 recently enacted by the State Legislature and signed by the Gov- 
This first legislative step for the control of water 
in Indiana was taken on the initiative of the Indiana Department of 
Conservation, which caused the bill to be introduced in the State 


less said waters are circulated through 
cooling towers or other devices and 
re-used, or are returned to the ground 
through recharge wells or a permit is 
secured as provided for in Section 3 
of this Act. A recharge well may be 
dug, driven, drilled, or any other type 
of well or pit which has a capacity of 
returning water to the ground by grav- 
ity in excess of the amount removed 
from the ground to supply the air- 
conditioning or cooling unit. More 
than one well or pit may be used as 
a recharge well in the event one well 
cannot be obtained which will take an 
amount of water in excess of the 
amount being removed the 
ground, but the total receiving capacity 
of such wells or pits must exceed the 
volume of water removed from the 
ground which is used for air-condi- 
tioning or cooling of air purposes. 
Sec. 2. No water used for air-con- 
ditioning or cooling of air purposes 
shall be returned to the ground through 
recharge wells which has been exposed 
to the atmosphere or which in any way 
has been contaminated or will not nieet 
the requirements of the State Board of 
Health for a water which is safe from 
a public health standpoint to return to 
the ground. Before any water from 
an air-conditioning or cooling of air 
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system is returned to the ground a 
permit must be secured from the State 
Board of Health. 

Sec. 3. Water may be withdrawn 
from the ground and used for air-con- 
ditioning and cooling of air purposes in 
excess of the quantities specified in 
Section 1 of this act, if a written per- 
mit is first obtained from the Indiana 
Department of Conservation. The De- 
partment will issue such permits free 
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of charge and shall deny permits op) 
in such cases as their studies of ¢ 
ground water resources of the area, 
fected are sufficiently conclusive to jy 
dicate that the removal of addition; 
ground water for air-conditioning ay 
cooling of air purposes will affect ¢ 
ground water resources of the area 
such an extent that it will be injurio 
to the public health and welfare { 
the community. 


The following corrections to the text 
of the Ninth Edition of Standard 
Methods for the Examination of Wa- 
ter and Sewage (1946) have been re- 
ported: 


1. Page 24, Sec. 10, B, 1.6 (Stand- 
ard calcium chloride solution). In 
the formula, for: “Mg. CaCO, per 
ml. potassium palmitate = [0.5 x ml. 
standard calcium soln.| + ml. potas- 
sium palmitate,” read: “Mg. CaCO, 
per ml. potassium palmitate = [ml. 
standard calcium soln.| + ml. potas- 
sium palmitate soln.” 

2. Page 54, Sec. 24, D, 3 (Prepara- 
tion of Iron Standards). In line 6, 
for: “. . . to about 40 ml., add 0.5 ml. 


Errata—Standard Methods—Ninth Edition 


about 40 ml., add 5 ml. of 3N H@ 


| 4 Page 216, Appendix 1, Sec. 4, 


col. 1, line 31. For: “Copper doesn 
interfere below 0.2 ppm., the maximy 
limit permissible according to t 
‘Drinking Water Standards of the U, 
Treasury Dept.,’”’ read: “Copper d 
not interfere below 0.2 ppm.” 
These are the only corrections 
the Ninth Edition that have been call 
to the attention of the editorial sta 
Any other errors discovered should 
transmitted to: 
Reginald M. Atwater, M.D. 
Executive Secretary 
American Public Health Assn. 
1790 Broadway 
New York 19, N.Y. 
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Water Quality Litigation 
Holder v. Windsor Utilities Com. 


A resume of an action before the Supreme Court of Ontario, Windsor, 
Ont., Can., on Dec. 16, 1946, prepared and first published by “Water- 
works Information Exchange,” official publication of the Canadian 


Section, AW.W.A. 


LLEGED harmful chemicals in a 

public water supply were the sub- 
ject of recent litigation before the Su- 
preme Court of Ontario (William E. 
Holder v. Windsor Utilities Commis- 
sion). A resume of the action is pre- 
sented herewith. 


Evidence of Plaintiff 


The plaintiff claimed that he was 
suing on behalf of himself and all other 
water users for damages resulting from 
the action of the commission in treat- 
ing the water supply by adding harm- 
ful chemicals. No stated damages 
were asked. 

Mr. Holder stated he was a “medical 
electrologist” and a “doctor of natur- 
opathy”; he had studied medicine for 
two years somewhere in England; he 
had dabbled in chemistry; and he was 
then in his 79th year. He had spent 
many years in research on the causes 
of ill health and had written two books : 
one on “Why Humanity Suffers,” the 
other dealing with cancer. He had 
originated the use of high frequency 
electric current treatment, and he had, 
in the last three years, after many years 
of research, completed equipment which 
he called a “metallic indicator.” This 
apparatus measures the metallic units 
in water, milk, food and the human 
body (when electrodes are placed on 


the tongue). He stated that the On- 
tario Dept. of Health had calibrated 
this equipment in 1943. 

He stated that the instrument meas- 
ures the metallics in the human body, 
and that these are the forerunners of 
cancer, tuberculosis, poliomyelitis, heart 
trouble, hepatitis, arthritis, ulcers and 
other disorders. Any measurement of 
metallic units in excess of about 20 
indicated these diseases, and all kinds 
of symptoms were produced. Cancer 
cases at Winnipeg, Man., had been 
found to record 27 units. He was un- 
able to describe what a unit was. 

He stated that this metallic indi- 
cator is a reliable instrument for test- 
ing water ; that it measures the “‘metal- 
lics” present; that when 30 to 35 units 
are present the water is bad; and that 
a reading of 38 units registers sulfate 
of alumina. 

He stated that he had been in good 
health when he came to Windsor six 
years ago, but that he had contracted 
hepatitis and other illnesses there. On 
inquiry, he found that the city was us- 
ing aluminum sulfate and ammonium 
sulfate in its water supplies. He com- 
plained to the Water Commission, to 
the government at Ottawa and to the 
Provincial Dept. of Health at Toronto, 
but no action had been taken. When 
he discontinued use of the Windsor 
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water and used distilled water, he be- 
came well again. 


Cross-Examination of Plaintiff 


In cross-examination, the plaintiff 
revealed that the metallic indicator 
was not patented—“it was too intri- 
cate for that’”—and stated that over 18 
metallic units in a water is dangerous. 
The Windsor supply measured about 
32. On further questioning, he ad- 
mitted that his metallic indicator was 
an ammeter which measured the cur- 
rent that overcame the resistance of 
the substance being tested. He could 
not say that the Dept. of Health or 
any doctor had endorsed this instru- 
ment. He admitted that a larger quan- 
tity of these chemicals in the water 
did not make it more dangerous, since 
the effect was cumulative, but claimed 
that a higher dosage would act more 
rapidly on the consumer. 

He stated he had tested 1,500 wa- 
ters, and had found 2 places where the 
water was safe. Every water over 20 
(previously given as 18) was unsafe. 
London water had 32 units. Windsor 
had 25 to 37, and Toronto was quite 
bad at 33 units. The Ontario Dept. 
of Health was approving water sup- 
plies which were unsafe. 

The condition of these waters was 
due to harmful chemicals. These were 
sulfate of aluminum and sulfate of am- 
monia, with sulfuric acid. He did not 
object to the use of chlorine, nor did 
he mention bacteriology. His objec- 
tion to the water was that these chemi- 
cals were being introduced in the treat- 
ment and were reaching the consumer. 
He stated that 65,000 cases of illness 
had gone through his hands. He made 
his living from the manufacture of 
these machines, and from the publi- 
cation of books and sale of “anti-met” 
tablets. 
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The plaintiff called a further wit. 
ness who stated he contracted arthritis 
after drinking Windsor water, by 
when he followed Mr. Holder’s advice 
and drank distilled water he recovered 
(he was badly crippled as he went tp 
the witness stand). 

This concluded the case for the 
plaintiff. 


Evidence of Defendant 


The defendant Utilities Commission 
called two witnesses: A. E. Berry of 
the Ontario Dept. of Health and J. ¢ 
Keith, Manager of the Windsor Utili- 
ties Commission. 


Evidence of A. E. Berry 


Mr. Berry gave evidence about ree. 
ognized practice in water filtration and 
attested that the Windsor plant was 
modern and efficient in action. The 
plans for the plant had been approved 
by the department, and its operation 
had been inspected regularly. 

He stated that the alum used did 
not pass the filters, but reacted with 
the water to form other compounds. 
There was therefore no aluminum suwl- 
fate in the filtered water. Further- 
more, sulfates were not injurious, and 
they were common in water supplies. 
The recognized limit for general suit- 
ability of water for domestic purpo 
has been given as 250 ppm., where 
Windsor water had only about 25 ppm, 

The witness stated that the “metal 
lic indicator” developed by Mr. Holder 
had been examined, and an attempt 
made to calibrate it in relation to the 
strength of the solution. It was found 
that the readings did not bear sucha 
relationship, and the machine was not 
calibrated by the department. It was 
found to be somewhat similar to 2 
Dionic conductivity tester, used by the 
department about 30 years ago and 
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abandoned as being of negligible value. 
The metallic indicator measured the 
resistance to current of a solution. It 
makes no distinction between the dif- 
ferent minerals in water and could not 
be considered useful in water testing. 


Evidence of J. C. Keith 


J.C. Keith, Manager of the Windsor 
Utilities Commission, gave evidence that 
the filtration plant had been built and 
operated with the approval and under 
the supervision of the Ontario Dept. 
of Health. No complaint had been 
made against their procedure by the 
department, and the results of the 
treatment had been very satisfactory. 

This concluded the evidence. 
Neither solicitor offered any argument 
before the decision was given. 


Decision of Justice 


In giving his decision, Mr. Justice 
Barlow stated that the case was a most 
extraordinary one. The only com- 
plaint by Mr. Holder was that sulfate 
of aluminum and sulfate of ammonia, 
added in the treatment, were present in 
the tap water. He accepted the evi- 
dence of Dr. Berry that this was not 
so, and that the operation of the plant 
and the quality of the water compared 
very favorably with others. He stated 
that the plaintiff had presented no evi- 
dence of damage. He found, from the 
evidence, that the water was of first 
class quality, effectively supervised and 
properly inspected by the Provincial 
Dept. of Health. He therefore dis- 
missed the action with costs to the 
plaintiff. 
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Industrial Use of Streams 
By L. L. 


A paper presented on Nov. 19, 1946, at the North Carolina Section 
Meeting, Raleigh, N.C., by L. L. Hedgepeth, Pennsylvania Salt Manu- 
facturing Co.; now Executive Secretary, Virginia Water Control 


Board, Richmond, Va. 


HE continued movement of indus- 

try southward and the increased 
sewered population are adding to the 
waste load of southern streams. This 
situation has created a demand for ef- 
fective control of pollution in order to 
avoid further degradation of the water- 
ways. Water purification plants are 
the principal victims of stream pollu- 
tion, and water works men recognize 
the uncomfortably small margin of re- 
serve assimilation capacity existing in 
many streams. Some pollution loads 
can be tolerated by a stream without 
impairing its health, but other pollu- 
tion loads will upset its digestion. 
Failure to appreciate this important 
distinction results in the misunder- 
standing which is an underlying cause 
of indifference and a source of much 
undesirable prohibitory regulation. 

The problem has been recognized 
in several states which have enacted 
appropriate co-operative legislation. 
Other states, including North Caro- 
lina, are now undertaking similar leg- 
islation. 

During 1946, Virginia enacted a 
water control law to provide for the 
control, prevention and abatement of 
pollution in the waters of the state. 
Beginning Dec. 1, 1946, the author 
will undertake to administer this law 
for the State Water Control Board. 


Hedgepeth 


Having worked for industry sing 
1929, the author realizes that the co 
operation of industry must be obtaine; 
if the program is to be successful. |; 
should be sold to industry’s engineer; 
on the merits of each case. Althougt 
the objectives of the pollution abate 
ment program are the same from al 
angles of examination, the approach t¢ 
its solution is influenced by the em, 
ployment environment of the individ, 
ual. Consideration should be given te 
several fears, certain questions and 
possible means of solving this problem 


Keeping Payrolls 


An industrial friend recently ex 
pressed the opinion that the waste wa 
ter discharge restrictions now bein, 
adopted would substantially arrest th 
movement of industry southward. 

In effect he said: “If the new Vir 
ginia law prohibits all new pollutior 
how is new industry to be established 
Further, existing industries have aj 
exceedingly difficult period ahead 4 
the law requires them to clean up thei 
wastes. These plants must have plent’ 


of water and a place to put it after! 
is spent in process. Many industri 
waste liquor disposal problems are un 
settled. Aside from certain labor an 
climatic advantages, the water suppl) 
and waste disposal facilities offered by 
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presently clean streams are the South's 
principal industrial inducements.” 

Except for one defect, this logic is 
unassailable. If it is clearly under- 
stood during design that, although 
stream abuse will not be permitted, 
reasonable use will be encouraged, it 
is believed that industrial technology 
is sufficiently resourceful to find an 
economical answer. If there is no 
answer for disposal of wastes from a 
specific plant, and stream pollution is 
going to be an inescapable price of 
another industrial payroll for the com- 
munity, then the problem becomes 
greatly simplified. It may and should 
be presented to the community on the 
watershed as a whole: “Are you will- 
ing to have this river become an of- 
fensive water course as a part of the 
price of industrial development of this 
basin 

The industrial engineer would wel- 
come such a frank approach before, 
rather than have to face it after, the 
plant is built. He is no different in 
his method of reasoning from any per- 
son who makes his living by technical 
applications. He prefers to arrange 
his problem in an orderly manner and 
then to devise a logical solution. Gov- 
ernment owes these men a rational 
delineation of stream pollution abate- 
ment requirements to be considered as 
a part of the problem for plant location. 


Industrial Responsibility 


A corollary to this fear that stream 
pollution control will drive away in- 
dustrial payrolls is the pronounced im- 
pression that industry is callous in ac- 
ceptance of its share of the responsi- 
bility. Abel Wolman strongly indicted 
municipalities and industry in his paper 
on “Responsibility for Industrial and 
Municipal Wastes” (1). He was par- 
ticularly severe on industry. View- 
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ing the problem in perspective for the 
entire country, he fixed the pollution 
load as the discharge of raw sewage 
from 47,000,000 people and industrial 
wastes equivalent to an additional pop- 
ulation of 55,000,000 to 60,000,000. 
He classed industry’s conception of its 
rights to pollute streams as a “sacred 
cow,” adding that the general charac- 
teristic of industrial stream pollution 
abatement was, at its best, careless- 
ness; and, at its worst, a complete 
disregard of industrial responsibility. 

Wolman’s summation was charac- 
teristically apt and should be required 
reading for management, but the author 
believes that his indictment of industry 
is faulty in spots. Particularly objec- 
tionable were the allegations of little 
research on waste disposal, of no stud- 
ies beyond the sewer outlet and of a 
disregard of responsibility. 

Industry is doing much research in 
stream pollution abatement, but it ap- 
peags in the record principally as proc- 
ess improvements—process changes to 
eliminate waste. That, incidentally, is 
the profitable point at which to attack 
stream pollution. Regardless of how 
they are described, any adjustments 
which reduce the pollutional load are 
properly classified as abatement meas- 
ures. 

The author knows a number of in- 
dustrial plants where stream pollution 
abatement studies are very comprehen- 
sive. Some companies go further and 
operate mobile laboratories to measure 
the effects of aerial pollution on the 
surrounding countryside. Others have 
stream pollution committees at work, 
composed of representatives from vari- 
ous divisions of the company. These 
actions are taken in self-defense, in 
order to promote good relations. It is 
good business to keep one’s house in 
order and to be on good terms with 
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one’s neighbors. There is an interest- 
ing untold story in this for industry’s 
public relations men. 

Finally, the charge of failure to ac- 
cept responsibility needs clarification. 
Industry should not be asked to be 
altruistic. It is silly and wishful think- 
ing to expect it. A corporation is 
merely a paper creature ; it has no con- 
science; it has no soul. Of necessity 
it is operated on hard-headed business 
principles. “I am my _ brother's 
keeper” is a valid business principle 
only to the extent of living up to a 
reasonable code of standards. Pay- 
rolls must be met, books must be kept 
in black ink, and reserves must be 
maintained if it is to remain in busi- 
ness. 

These healthy signs are not possible 
if management permits its cost to ex- 
ceed those of its competitors. Business 
may exist only by being self-support- 
ing. It has no power to levy taxes 
for its deficits. Its costs must be kept 
below its income. If the public wants 
its streams to be clean, then appropriate 
legislation, enforced impartially, will 
be required to be fair to each industrial 
plant and to place it on an equal basis 
with its competitors. It is not helpful 
to the stream pollution abatement 
movement to indict industry in the 
absence of such requirements. 


Towards a Solution 


Much is made of industry’s inability 
to solve all of its waste disposal prob- 
lems. It is a fact that no generally 
applicable solution has been found for 
many such wastes. For example, the 
sulfite pulp waste liquor problem re- 
mains unsolved as a whole, even though 
several satisfactory individual solutions 
have been devised. But one does not 
make progress by becoming appalled 
over limitations. A good engineer gets 
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into his work and solves the appar. 
ently hopeless problems by paying at. 
tention to details. He may not always 
find the complete answer, but his 
method is productive of much progress, 

The author does not believe that 
continued abuse of streams should be 
accepted merely because many phases 
of industrial waste disposal are un- 
solved. It has been his good fortune 
to have a wide acquaintance among the 
technical men of industry. Most of 
them would welcome the requirement 
to complete their work on manufactur- 
ing processes so as to eliminate the 
wastes substantially or arrange for 
their disposal. They are only human 
and, being so, have selfish pride in 
their work. No good man likes to 
turn out a half-finished job. Well- 


considered law and regulations should | 


do much to encourage completion of 


manufacturing processes, thus eliminat- | 


ing a major source of wastes which 
otherwise would reach the streams. 


Poor Control Measures 


Conceding that a sound legal struc- 
ture for co-operative approach is 


strongly indicated, industry can, with-[ . 


out regrets, dispense with those 
strength sappers—prohibitory regula- 
tion and paternalism. Prohibitions re- 
sult in fines and irritation, and pa- 
ternalism is wasteful beyond all de- 
fense. The author cannot subscribe to 
the thesis that, if local action does not 
provide the desired relief, it is the 
duty of government to step in and play 
Santa Claus. 
objections to being taxed in one sec- 
tion so that government can solve com- 


petitors’ problems in another. If work | 


needs to be done on waste disposal, it 
can be accomplished best at the local 
level by the men in each plant, not by 
walking delegates of government. 
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Attacking at the Source 


Industrial waste disposal reaches its 
most effective development through 
the combined efforts of the chemical 
engineer on the manufacturing proc- 
esses and the sanitary engineer on the 
efluent. As has been observed earlier, 
the most profitable place to start cor- 
rection is in the manufacturing proc- 
ess. It is difficult to wax enthusiastic 
over the outlook for construction of 
imposing waste disposal structures on 
the tail ends of industrial sewers. In- 
dustry does not think that way. Its 
problem is quite different from munici- 
pal sewage In one important respect, 
and that is the lack of assurance that 
any particular waste will be a problem 
for the length of time required to 
justify a major investment in a waste 
disposal plant. Human beings may be 
expected to continue to eat and elim- 
inate body wastes without much change 
for a long time. Industry, on the 
other hand, is continually changing its 
operations. 

When the plant man has done all 
that is economical on waste reduction 


inthe manufacturing process, the sani- 


tary engineer must then devise a suit- 
able treatment or diversion of the waste 
liquors so as to avoid stream abuse. 
But impressive plants should not be 
expected—the industrial engineer will 
endeavor to reduce his problem to its 
simplest form and then arrange for 


functional waste disposal units. 


Specific Examples 


The correctness of this reasoning 
may be illustrated by considering the 
relatively simple waste disposal prob- 
lems presented by the manufacture of 
two synthetic insecticides—DDT and 
the important but as yet lesser known 
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hexachlorocyclohexane, also called ben- 
zene hexachloride, 666 or Gammexane. 

DDT is formed in very strong sul- 
furic acid which merely furnishes the 
environment for the condensation of 
the DDT isomers. It does not enter 
into the reaction. After much use, 
the strong acid becomes fouled with 
process refuse and must be withdrawn 
and replaced with a clean charge. 
Also, the DDT crystals removed from 
this syrupy acid must be washed free 
of acid before being further processed 
for use. 

Thus are produced, for each ton of 
DDT made, about 700 Ib. of foul 93 
per cent sulfuric acid and 7,000 Ib. of 
relatively clean 7 per cent acid wash 
water. The disposal of this acid is the 
significant phase of the stream pollu- 
tion problem presented by the manu- 
facture of DDT. 

Neutralizing 93 per cent sulfuric 
acid is no easy task, and diluting it 
merely complicates the problem by in- 
creasing the volume of final effluent. 
Further, even if it were diluted and 
neutralized, the organic muck content 
precludes its discharge into a healthy 
stream. Obviously a use should be 
found for this strong waste, or it 
should be reburned to destroy the or- 
ganics and to recover its acid values. 
Therefore, returning to the original 
thesis of not upsetting digestion by 
gulping down the stream pollution 
problem as a whole, but of attacking 
it forkful by forkful, the disposal of 
this strong fraction should be consid- 
ered as a manufacturing problem. 
This is because its discharge to waste 
is an economic loss. Viewed in this 
manner, it is not a stream pollution 
problem. 

It is likely to become one, however, 
if there are no restrictions on waste 
discharge into streams and a cost- 
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conscious management prefers that the 
time of its engineers be utilized for 
more pressing problems. Whether we 
like it or not, the answer to the classic 
question : “When will a rich man spend 
a dollar?” remains: “When he can 
make two dollars.” And the author 
personally has no hope for a change 
in that attitude, regardless of the type 
of industry, its geographical location 
or the political philosophy of the busi- 
ness man. 

The 7,000 Ib. of relatively clean 7 
per cent sulfuric acid wash water pro- 
duced per ton of DDT is clearly of 
stream pollution significance—law or 
no law. This is because of economics. 

It is not sensible to attempt recov- 
ery of acid values from such low con- 
centrations. Neutralizing with lime 
and disposal of the clear neutral super- 
natant in the stream is strongly indi- 
cated. 

The wastes from hexachlorocyclo- 
hexane present an entirely different 
problem. Available information has it 
that three tons of presently unusable 
chlorinated organics are produced for 
each ton of usable product. Obviously, 
such a waste of material classifies this 
process as incomplete. Research sim- 
ply has not finished its job. Uses 
should be found for these rejects in 
order that they may be sold or used 
as co-products or by-products. If this 
is not done, the consumer pays an in- 
creased cost for the waste, and, in the 
absence of stream pollution control, the 
stream will receive much of the rejects 
simply because that procedure is the 
cheapest method of disposal. 


Sensible Control 


Regulation of waste disposal should 
be accomplished by control measures 
which are practical. This approach 
will yield constructive solutions. The 
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average engineer in industry is willing 
to co-operate and may be expected to 
find an acceptable answer to waste 
disposal, if he can present the problem 
to his management on a “must”’ basis 
and if he is permitted a reasonable use 
of the assimilation resources of the 
stream. Without his co-operation, lit- 
tle progress on waste disposal will be 
accomplished. 

The action most disliked by indus. 
try, and to which resistance all along 
the line may be expected, is the pro- 
hibitory type of regulation. It does no 
lasting good to have the sheriff wave 
legal papers at a plant superintendent 
and drag company officials into court 
for a fine, except in flagrant cases, 
Of course, publicity of a sort is ob- 
tained. The man on the street will 
say “The state’s finally getting after 
those fellows—we can start catching 
fish again before long.” But such ae- 
tion merely deludes the public and 
should be beneath the dignity of a 
public health engineer. Stream pollu- 
tion history clearly shows that prohibi- 
tory control does not correct stream 
abuse. Fines paid into courts do not 
neutralize one pound of acid or satisfy 
one part per million of B.O.D.  Proe- 
ess change and waste disposal con- 
struction are the only steps which will 
reduce the industrial waste load. At 
one plant in Virginia, the person re- 
sponsible for solving the waste problem 
told the author that it would be more 
economical for his employers to pay a 
fine of $100 a day for the life of the 
plant than to make the required sewer 
separation and build and operate the 
disposal plant they are constructing. 


Pollution Defined 


The case for the co-operative ap- 
proach required decision on when 
waste discharge is or is not abuse of 
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the stream. Definition is not easy; it 
is like trying to define “poison.” The 
only really good definition of poison 
which the author ever heard comes 
jom Warren Watson, who has been 
wrestling with it for many years. He 
ays (2) that a poison is “too much.” 
Too much of anything. A half pound 
of salt taken in one dose may destroy 
a human life; it is reported to be a 
jorm of suicide in China. Yet no one 
would think of classifying salt as a 
poison—it is a food. 

Investigators have tried for many 
years to define what constitutes a poison 
for human beings. Such phrases as: 
“22 mg. per kg. of body weight,” “60 
gains for an adult,” “easily antici- 
pated doses” and others have been 
suggested or used. The author served 
on a committee which studied the prob- 
lm for several years, but found no 
toxicologist who would give a definite 
figure. The committee finally devised 
a paragraph of definition which satis- 
fies the lawyers and some, but not all, 
of its medical members. In essence, 
itsays simply : “A poison is too much.” 

And a similar definition is offered as 
the nearest approach stream sanitarians 
should make to a definition of pollu- 
tion. Pollution to the extent of stream 
abuse is “too much’”—too much load 
for the stream to assimilate and re- 
main healthy. And it covers every- 
thing discharged into a stream. Not 
just too much B.O.D., sludge, grease, 
acid or alkali, but too much of any- 
thing. 

Pollution could even be caused by 
too much chlorine, that servant of pub- 
lic health men, who consider it a useful 
treatment for sewage and waste efflu- 
ents, and use it freely. Sanitary en- 
gineers do not normally think of chlo- 
rine as a pollutional substance. But it 
must be classed as such, if “too much” 
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is discharged into a fishing stream. 
Too much chlorine can kill algae in 
catastrophic numbers, thus upsetting 
the production cycles of fish food. The 
discharge of a heavily chlorinated efflu- 
ent into a recreational stream should 
be carefully evaluated by fish life au- 
thorities before being authorized. 

Similarly ammonia, an algal food, 
commonly considered by sanitarians as 
a harmless substance in effluents, must 
be regarded with suspicion in a fish- 
ing stream. It is highly toxic to some 
game fish. : 

According to the author’s limited 
viewpoint, the best determination of 
what constitutes pollution is accom- 
plished by pooling thought in each 
case and settling details at the local 
levels. The method may not always 
provide a perfect answer, but it does 
get the load reduced, and, by this 
means, progress is made. One grows 
a little weary of discussions about set- 
ting standards of purity for each stream. 
Engineers are accustomed to the use of 
yardsticks in their work and usually 
prefer to have standards established 
for each stream. But when deciding 
on how to bell the cat in this field of 
technical work, standards do not mean 
much. Local conditions must take 
precedence. 


Waste Disposal Objectives 


What can be set as a goal? Gen- 
eral objectives would be to remove the 
sludge, scum and grease, destroy or 
divert objectionable concentrations of 
toxic agents, reduce discoloration to 
imperceptibility in the stream, adjust 
the effluent pH to the normal stream 
range, and reduce the flowing load 
B.O.D. to the point where it can be 
assimilated by the stream without 
dropping the dissolved oxygen below 
acceptable minimums. Even these gen- 
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eralizations are too inflexible for some 
specific applications. 

The author has endeavored to pre- 
sent this problem as requiring firm 
co-operative regulation based on sound 
law. Legislative action is needed to 
provide a skeleton of strong girders on 
which appropriate regulation can be 
constructed to stay, weathering the 
storms which will certainly come. 
Once this structure is provided, the 
corrective actions become largely tech- 
nical, not legal. Sanitary and chemi- 
cal engineering of the most exacting 
type will be needed. Stream pollution 
law and enforcement regulations can- 
not exceed the proved art and science 
of waste disposal. If such are at- 
tempted, the law will be set aside by 
the courts, repealed by the next legis- 
lature, or unenforced simply because 
it cannot be enforced. 

If the problem is approached on the 
premise that the true measure of the 
wealth of a community is the produc- 
tion of goods, and that the public need 
requires both that our plants operate 
and that stream degradation cease, in- 
dustry’s engineers will co-operate to 
find a workable answer. 
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The men who comprise industry re. 
sent the idea that they must be fought 
on matters of public need. They like 
to think of themselves as being good 
citizens and good neighbors—and must 
do so, or they would lose their self. 
respect. They are a part of the public 
that must drink the water from these 
streams. They like to fish and swim 
in them, and when they do, they don't 
like to wade through sludge, or see 
waste and sewage particles float by, 
They can be sold on Phelps’ beautify] 
concept (3) of considering a stream 
as being a living complex thing of 
loveliness, of health, of enjoyment—a 
valuable resource capable of serving 
man in a multitude of ways and too 
often rendered unfit for any but the 
most menial of services through pollu- 
tion and defilement. 
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Survey of Unaccounted-for Water in Minnesota 


Minnesota Section Committee Report 


A report of the Minnesota Section Research, Survey and Advisory 
Committee presented on Mar. 13, 1947, at the Minnesota Section 
Meeting, St. Paul, Minn., by O. E. Brownell, Public Health Engr., 
State Dept. of Health, Div. of Sanitation, Minneapolis, Minn., 


Chairman. 


NACCOUNTED-FOR water has 

been defined as the difference be- 
tween the quantity of water obtained 
from the source and the quantity ac- 
tually delivered to the customers. 
The amount of water “unaccounted 
for’ does not necessarily indicate the 
eficiency of plant operation, for a 
system may have a very large water 
waste which can be accounted for, 
thus presenting a low unaccounted- 
for figure. On the other hand, a 
high unaccounted-for figure may re- 
flect loss of both water and revenues, 
as well as operational inefficiency. 

Every water utility should deter- 
mine carefully the proportion of its 
supply which is unaccounted for, to 
make sure that its operation is on a 
sound footing. 

Perhaps “lost” or “non-revenue” 
water would describe the problem 
more accurately. As water used by 
city departments is usually non-rev- 
enue water, however, the term “un- 
utilized” water is suggested instead. 
The restriction of extravagant water 
consumption by city departments, in- 
cidentally, will help increase the effi- 
ciency of a municipal water depart- 
ment. It is very satisfying to be able 
to account for all the water that has 
been pumped or paid for, and the proc- 
ess of accounting for it may disclose 


losses through leakage, waste or theft 
which can be remedied if the savings 
justify the effort. 

For the purposes of such an investi- 
gation, water must be considered in- 
destructible. A negligible quantity 
does evaporate from open tanks and 
basins, but in general an attempt must 
be made to account for the entire 
amount pumped from the source. 

The Research, Survey and Advisory 
Committee on Unaccounted-for Water 
of the Association’s Minnesota Section 
collected data on the subject from 31 
water departments in Minnesota. 
The data covered a period of a year, 
during which 38.994 bil.gal. of water 
were supplied to 1,074,183 people by 
these departments—an average per 
capita consumption of 100 gpd. 

A considerable variety of data was 
reported to the committee, some of it 
unusable. Three departments ac- 
counted for more water than they 
drew from the source. Several re- 
ports were outstanding in the com- 
pleteness of their lists of uses of water 
and in their general results obtained. 
The results are summarized in Table 1. 

When analyzing the problem, it is 
apparent that inaccuracy and incon- 
sistency in the measurements and es- 
timates of the quantities cause a large 
part of the difficulty. It is possible to 
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overestimate the quantity taken from 
the source, thus introducing an amount 
that is necessarily unaccountable. In 
an incomplete survey or listing of the 
many uses of water, some are over- 
looked and therefore become unac- 
counted for. The essentials of an at- 
tack on the problem are: (1) complete 
honesty in using the data, (2) a com- 
plete list of the uses of water and (3) 
accuracy in measuring and estimating 
quantities. 


TABLE 1 
Summary of Data on Unaccounted-for Water 
Water Use Amount 
mil.gal. per cent 
TorTaL from source 38,994 100.0 
Consumers 29,983 77.0 
Fire service 68 0.3 
City uses 2,228 6.0 
Leakage 717 LF 
Theft negligible 
Unaccounted for 5,894 15.0 


The following list of municipal uses 
of water has been assembled from the 
data sheets and files of the committee : 


Filling lakes, park ponds and pools, 
fishponds, and swimming and wading 
pools; flooding skating rinks; watering 
lawns and trees in parks; flushing and 
sprinkling streets; flushing sewers; oper- 
ating flush tanks on sewers; flushing 
dead-end mains; flushing snow to remove 
it; sprays for children; public buildings ; 
bleeding to prevent freezing; cleaning 
reservoirs and basins; draining and 
cleaning elevated tanks; overpumping 
reservoirs and tanks; construction pur- 
poses (obtained from hydrants) ; build- 
ing construction; water plants; meter 
testing; wash water for filters; sludge 
removal; street drinking fountains; street 
sweepers; employees’ dwellings; chlorine 
apparatus; back-filling trenches; sewage 
lift stations; watering troughs; cemetery 
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watering; cooling towers; steam boilers: 
sewage treatment plants; municipal golf 
courses; municipal cow pastures; my. 
nicipal pounds; and toboggan slides. 


The accurate measuring and estj- 
mating of water present many diff- 
culties. All meters with moving parts 
tend to under-register with age, and it 
is desirable to have accurate meters 
or to make allowances for their in- 
accuracies. A meter will not over- 
register unless its gears are altered, 
Meters at the source can be calibrated 
by pumping to receiving reservoirs 
and elevated tanks and through weir 
boxes. Master meters, venturi meters 
and orifice plates can also be em- 
ployed. An estimate based on the 
rate of pump discharge and the dura- 
tion of pumping is better than no esti- 
mate at all. 

A recording voltmeter or an electric 
clock can be used to record intervals 
of pump operation. This total time 
multiplied by the rate of pump dis- 
charge equals the daily pumpage. 
This method was used by one depart- 
ment. 

It is generally conceded that custom- 
ers’ meters under-register. Of 28 de- 
partments reporting, 14 made correc- 
tions, varying from 2 to 5 per cent, 
for under-registration. It would ap- 
pear that for each water supply a 
corrective factor could be arrived at, 
based upon examination of the meters 
under operating conditions. For wa- 
ter used by other departments in the 
city, the co-operation of the department 
officials is necessary. 

It is noted that for 60 per cent of 
the people served by municipal water 
supplies, the unaccounted-for water 
amounts to nearly 6 bil.gal., which, at 
an average rate of 10¢ per 1,000 gal, 
costs $600,000. This can be considered 
a fairly accurate representation for the 
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rest of the state, which means that out 
of a total of 66 bilgal. annually 
pumped from sources for the five hun- 
dred water supplies, 10 bil.gal. is unac- 
counted for. This amount, at 10¢ per 
1,000 gal., represents $1,000,000. The 
rious side of the problem is to deter- 
mine what portion of this amount of 
water is leakage that warrants correc- 
tion. Twenty-three departments re- 
ported a total leakage loss of 717 mil.- 
gal., valued at about $71,700. For the 
entire state, the leakage has an esti- 
mated value of $122,000. On the basis 
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of other leakage surveys, this figure is 
estimated as high as $800,000. 

It is likely that the leakage figure is 
too low. The answer lies in conduct- 
ing leak surveys, locating and estimat- 
ing the quantity of leakage, using leak 
detectors and carrying out programs 
ior eliminating the loss of water which 
has been paid for. A simple survey 
can be made by shutting off one sec- 
tion of the distribution system at a 
time by valves and supplying water to 
it through a hose or temporary line 
equipped with a meter to. measure the 
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water. This work is best accom- 
plished between midnight and 5:00 
A.M. With lead-jointed pipe, the al- 
lowed leakage per mile per inch of 
pipe diameter in 24 hours is estimated 
to vary from 100 to 500 gal. The 
average leakage of several cities has 
been estimated as about 16 per cent 
of the total pumpage. It is thought 
that about 4 per cent would be lost 
from mains, 8 per cent from services, 
and 4 per cent from under-registra- 
tion of meters. 

As some of the factors considered 
and overlooked are of seasonal occur- 
rence, it is obvious that the amount of 
unaccounted-for water would vary if it 
were computed for each quarter. That 
this is true is being demonstrated in 
a study now being made in this matter. 
A quarterly breakdown of the data 
might disclose errors that creep in 
when the data are considered on a 
yearly basis. 

Figure 1 shows the percentages of 
unaccounted-for water reported. It 
appears that the very low and high 
reports are out of line and could well 
be dropped out. The average would 
then drop to 11 per cent. With more 
care and accurate data, it seems prob- 
able that this figure could be further 
lowered. It does not seem impossible 
to obtain a figure of 5 per cent. 

Dewey W. Johnson (1) reports a 
leakage survey that resulted in ac- 
counting for all except 54 per cent of 
the water and the data presented well 
corroborate the work of the committee. 

The results obtained by the com- 
mittee so far may be summarized as 
follows: 

1. The data obtained are, to a large 
extent, incomplete and inaccurate. 

2. They seem to agree with similar 
data which have been published. 
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3. More work should be carried out and compared with the results ob. 


to obtain more definite and conclusive tained by the present study. 
results. A selected number of places 
could carry out a well-planned project, Reference 


the results of which could be used as 1 Jounson, Dewey W. Losses in Distr. 
a pattern by others. Later, new data bution Systems. Jour. A.W.W.A., 39. 


could be assembled by the entire group 157 (1947). 


Erratum—A.W.W.A. Specifications 
7A.5—1940 


Sixth and Seventh Printings 


In setting the type for the Sixth and Seventh Printings of “Standard 
Specifications for Coal-Tar Enamel Protective Coatings for Steel Water 
Pipe of Sizes 30 Inches and Over—7A.5—1940,” an error was made in 
reproducing the old document. This error has been corrected in pre- 
paring the Eighth Printing and does not appear in any printing previous 
to the Sixth. The correction is given below for users of the Sixth and 
Seventh Printings : 


On page 7, Sec. 2.5.4 (6) Impact Test, first line: for “The 12 x 12 
xX zg-in.,” read “The 12 X 12 X 4,-in.” 
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Y “office procedure” is meant the 

process of accounting for receipts 
and disbursements. It is through the 
collection of bills that overhead costs 
can be paid and a surplus for exten- 
sions and improvements created. At 
the Wyoming, Ohio, water works, a 
routine office procedure has been 
adopted that controls all financial as- 
pects of operation in an orderly and 
systematic way. 


Accounting for Disbursements 


Duplicate purchase orders are made 
out for all items which are not, like 
power and chemicals, ordered on con- 
tract. One copy of such purchase 
orders is sent to the supplier and the 
other copy retained to check against 
the delivery slip and invoice. After 
the invoice is checked, the delivery 
sip and duplicate purchase order are 
thrown away. A voucher is then pre- 
pared and the invoice attached to it. 
The voucher shows the ledger account 
to which the item is charged. Payrolls 
are vouchered in the same manner, and 
labor cost is allocated on the voucher 
to the various accounts. 

After the checks are made out and 
the check numbers noted on_ the 
voucher, the vouchers are recorded in 
aregister (Fig. 1), which is kept in 
installments, from board meeting to 


Office Procedure in a Small Water Works 
By F. G. Gedge 


A paper presented on Oct. 11, 1946, at the Ohio Section Meeting, 
Columbus, Ohio, by F. G. Gedge, Supt., Water Works, Wyoming, 


board meeting, with a break and sub- 
total at the end of the month, so that 
a running cash balance may be kept on 
the reverse side and checked against 
the bank balance on the first of each 
month. Each page is easily totaled in 
each column and the page is balanced 
across its width. These totals are then 
transferred to the yearly page, on which 
each month runs across the page and 
is totaled to insure that the amount 
posted agrees with the page total. 

A comparison sheet, on which the 
items run down the column instead of 
across, is also kept. This list is useful 
for quick reference at board meetings 
in making available an easy check on 
items that fluctuate in monthly expen- 
diture. Thus it can be ascertained 
whether operations are normal and 
whether any item of expense is run- 
ning excessively high. 

Purely for convenience, a ready- 
reference monthly page is kept of op- 
erating costs. On this page, actual 
vouchered expenditure figures are used 
for all but softening plant material 
costs, which are entered according to 
the month’s actual use of materials as 
determined from the monthly chemical 
and analytical report. These analyti- 
cal reports are kept and filed by years. 

At the end of the year, the columns 
on the yearly page are transferred to 
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the proper ledger account as single 
items, rather than by monthly break- 
downs. The double entry system is 
used in keeping the control ledger and 
journal, which also carry a set of gross 
value accounts and reserve for de- 
preciation accounts covering the plant, 
wells, machinery and distribution sys- 
tem. In other words, depreciation of 
plant and equipment is considered part 
of the cost of producing water, and 
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Accounting for Receipts 


All services are metered and a re 
ord of each is kept on a meter ¢gy 
which lists the name and address q 
customer, size ot meter, account nun} 
ber, tap number and location of met 
on the premises. The meters are rey 
by the police in their off-time. Whe 
cards are turned in at the office aftd 
the reading, consumption is determing 
and priced on the meter cards. 


VOUCHER REGISTER 
NUMGERS STATION SOFTG PLANT LINE Mains 
VoucHer] CHECK| MATL [LABOR TmATL [LABOR [mate | LABOR [LABOR 
MATHIESONALK, 3 73/57 
B&O. R.R 20S\03} 
Pay Rove 3400) Bop 4336 9324 
RIMT ot 2.00 
F.G.GEDGE 
W.F.S PREEN 04405 10000 7500 6470 
R.MONTEITH p4] 04+07 3045] 
R. BOEHME 08 | 
Pay Rou Vie 091019 2560] 9324 
Perry CASH | 
PayRou'AS 08) 9324 
County Treas. 09 27 | 
Rem'n 10 28 | | 
Cuts. 29, 1665 | | 
Rev. Pus.Co} 5 
NEPT.E@ | 
Eura SecryCo / 
GARLOCK Pre 
Fic. 1. Portion of Voucher Register 


that factor is included in the rate base. 
Thus, when the plant is worn out, 
there will be sufficient reserve for re- 
placements without resort to bond is- 
sues. No bond retirement is charged 
as the total bonded debt has been paid 
back to the sinking fund. The only 
interest which must be charged to ex- 
pense is the difference between the 
interest due on the bonds outstanding 
and that earned by the sinking fund 
investments. 


Postcard bills, with detachable stub 
are used. Both sides of the cards a 
addressed on an “Elliott” addressi 
machine before the meters are rea 
and the account number is shown ¢ 
both bill and stub. 

As accounts change or new ctf 
tomers are added, address plates a 
made in the office to keep the list w 
to-date. Plates and meter cards a 
filed and used by streets, rather t 
alphabetically by customers’ names. 
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The main books of account are the 
Cash Book, the Consumers Ledger and 
the Miscellaneous Ledger (the latter 
two may be combined if desired). 
These accounts are kept in conform- 
ance with the requirements of the State 
Auditor’s office, but the Voucher Reg- 
ister and the General Purpose Ledger 
and Journal are kept for the informa- 
tion and convenience of the water 
works itself. By adhering strictly to 
state requirements, it is possible to 
determine at the year’s end whether or 
not over-all operations have been prof- 
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posited in the bank. The stubs are 
then alphabetically entered in the cash 
book, showing the account numbers 
and the amounts paid. These entries 
are then totaled to make sure that the 
total posted agrees with the stub total. 
If a mistake has been made it-is noted 
in pencil, and the next day’s deposit 


adjusted to correct the error. 


Miscellaneous receipts, such as those 


from the sale of meters, service per- 
mits, cleaning services and repairs, are 
entered in a triplicate receipt book with 
numbered stubs. One copy is the cus- 


itable, but it is difficult to determine 
which practices are resulting in profit 
and which in loss. For example, it is 
perfectly possible to earn a profit while 
installing new services at a loss. Thus, 
if enough new services are installed, 
the loss may absorb the surplus earned 
on the production of water. 

The water bill stub, which carries 
the account number, is returned with 
the check or cash payment. Each 
day’s receipts are sorted alphabetically, 
totaled on an adding machine and de- 


WYOMING WATER WORKS 
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tomer’s receipt, the second goes to the 
maintenance department for execution 
of the work, and the original stays in 
the book as a check against the cash 
book for the State Auditor. 

When such sales are made and the 
cash is deposited in the cash box, a 
stub is made showing the amount and 
the miscellaneous account number. 
These receipts are handled in the same 
way as are those from sales of water. 

The Consumers Ledger is kept in 
alphabetical order, with names and ac- 
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count numbers on both margins (Fig. 
2). Extra pages are cut and inserted 
so that the pages need not be typed 
more than once every two years. 

The consumption and charge are 
posted directly from the meter cards, 
and payments are credited from the 
cash book. Any penalties or overpay- 
ments are shown in appropriate col- 
umns, and delinquent accounts are car- 
ried over to the next quarter. At the 
end of each quarter each page is totaled 
and balanced and a recapitulation made 
of all pages. This total, together with 
the miscellaneous sales, is then bal- 
anced against the cash. 

On the first of September of each 
year, the delinquent accounts are listed, 
together with property owners’ names. 
From this list an assessment sheet is 
made out and filed with county auditor 
for collection as taxes. After the first 
of January following, the County 
Treasurer’s books are checked, the 
paid assessments totaled and the Vil- 
lage Clerk billed for the amount col- 
lected. These collections are then han- 
dled in the same way as the regular 
cash receipts. 

A petty cash account of $50 is car- 
ried in the cash box for making change 
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and for paying small express, freight 
and other charges. When such items 
accumulate they are vouchered, and 
the distribution shown on the voucher. 
Petty cash is then reimbursed. It jg 
strongly recommended that no checks 
be cashed from this fund unless one js 
quite sure they are good. 

At the close of business each year, 
the disbursements and cash receipts 
are transferred to the control or Gen- 
eral Ledger. Inventories are taken, 
and the books are closed. A trial bal- 
ance is taken as in any business, and 
the annual statement prepared for dis- 
tribution to the members of the board 
andthe council. This statement shows: 
assets and liabilities, profit and loss ac- 
count, comparative operating state- 
ments for the past three years, pump- 
age and distribution, cost of water 
pumped, trial balance, services added 
and total in use, and all other infor- 
mation pertinent to the operation of 
the water works. 

Such methods permit a continuous 
check on all phases of operation and 
enable those in charge to obtain easily, 
accurate knowledge of the economic 
functioning of the system. 


tion 
pari 
ish | 
of fi 
whic 
conc 
look: 
from 
of v: 
these 
W 
are, 
and 
of sc 
conte 
color 
taste. 
on th 
of pi 
pollu 
ties. 
satisf 
rial ¢ 
lem i 
noted 
in the 
the h 
tically 
public 
vanta 
tems 
is in 
greatl 


} 
4 : 
‘ 


WWA 


reight 
items 
and 
cher, 

It is 
hecks 
one is 


year, 
ceipts 
Gen- 
‘aken, 
1 bal- 
, and 
r dis- 


board | 


lows: 
3S ac- 
state- 
ump- 
vater 
nfor- 
mn of 


uous 

and 
asily, 
omic 


Comparative Study of Swedish and American 
Water Treatment Practices 


By Harry L. Schein 


A contribution to the Journal by Harry L. Schein, Chief Engr., 
Merkantila Ingeniorsbyran Pehr Husberg A.B., Stockholm, Sweden. 


HEN a Swedish engineer makes a 

study of American water purifica- 
tion practice and attempts to draw com- 
parisons between American and Swed- 
ish conditions in this field, a number 
of factors must be taken into account 
which have a direct bearing on all the 
conclusions reached. The different out- 
looks prevailing in the two countries 
from both a social and a technical point 
of view render a direct comparison of 
these conditions impossible. 

Water treatment problems in Sweden 
are, generally speaking, rather uniform, 
and deal mainly with the purification 
of soft surface waters having a high 
content of organic matter and strong 
color, without appreciable odor or 
taste. The American water sources, 
on the other hand, present a wide range 
of problems, characterized by stream 
pollution and all its attendant difficul- 
ties. Swedish water, again, is quite 
satisfactory bacteriologically, but bacte- 
rial contamination is a dominant prob- 
lem in the United States. It should be 
noted further that, whereas water works 
in the United States are frequently in 
the hands of private companies, prac- 
tically all of those in Sweden are under 
public control and possess all the ad- 
vantages and disadvantages such sys- 
tems entail. Finally, any comparison 
is influenced by the fact that the 
greatly superior technical and economic 
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resources available in the United States 
permit more intensive research work 
and a more adequate application of the . 
results of research under practical 
conditions than may be afforded in 
Sweden. Energetic initiative in the 
development of new methods and a 
marked desire to experiment character- 
ize American water supply engineer- 
ing, whereas in Sweden a certain con- 
servative tendency may be noted. 


Development and Research 


To a foreigner paying a short visit, 
the competitive economy of America 
appears to be the most vital stimulant to 
the development of American water 
supply engineering. It is primarily the 
large firms, manufacturing and supply- 
ing plant and equipment to the water 
works, which employ their research 
staffs to find new markets and fields 
of application, endeavoring to effect 
improvements in the methods and ap- 
paratus hitherto employed, in order to 
render them more competitive. Fur- 
thermore, many large water works 
carry on direct research work based 
on their own practical operating ex- 
periences, thus making valuable con- 
tributions to technical advancement and 
at times exercising a beneficial re- 
straint upon the pronounced eagerness 
of certain firms to expand. Finally, 
research work of a purely scientific na- 
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ture is carried on at many American 
universities with the object of seeking 
solutions, independently of temporary 
commercial conditions, to many impor- 
tant questions. 

The limited Swedish market does not, 
as a rule, permit water purification 
firms or suppliers of mechanical equip- 
ment for water works to expand to such 
an extent that they can maintain their 
own staff of research workers. Need- 
less to say, opportunities are sought 
for turning to account the knowledge 
gained from practical experience and 
possible mistakes, and efforts are made 
to apply ideas for improvements to ac- 
tual service conditions, but these at- 
tempts only encompass incidental de- 
tails, and not organized research 
tivity. 

On the whole, the water works in 
Sweden are quite small, and they are 
therefore unable to undertake any an- 
preciable development work in this 
field, apart from the resolving of prac- 
tical details. Generally speaking, only 
two or three of the largest water works 
can afford to carry out experiments on 
a more extensive scale. Nor is any 
purely scientific research undertaken 
by the universities, because the coun- 
try is too small and its water supply is 
not considered sufficiently important. 

In view of these conditions, it will 
be readily understood that water puri- 
fication engineering stands at a much 
higher level in the United States than 
in Sweden. As many as ten years often 
elapse from the time a new method is 
applied for the first time in the United 
States before engineers begin to adopt 
it in Sweden. During the intervening 
period, they watch developments, study 
the technical press and endeavor to 
form opinions regarding the suita- 
bility of the method. When the time 
arrives for its adoption, they seek to 
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adapt it to the more traditional forms 
a necessity which sometimes leads 4 
a number of unfortunate compromise; 

It must not be thought, however 
that Swedish water works producd 
water which is of inferior quality, Q, 
the contrary, the hygienic, and to 
great extent the physical-chemica| 
standards required by law of a publig 
water supply are very exacting. The 
water supplied to the customers jg 
as a rule, of a very high quality ; quite 
comparable to, and frequently bettey 
than, that supplied in the United States 
Primarily this is due to the quality o 
the raw water, which is usually quit 
high by American standards. But th¢ 
fact that the treated water itself fy 
fills the formal requirements does not] 
of course, prevent the purification proc. 
ess from being carried out on techni- 
cally simpler lines and in a more econ. 
omically suitable manner. 


Treatment Methods 


Although it is not possible within 
the scope of a short discussion to pre} 
sent a detailed comparison of the dif 
ferent methods employed, an attemp 
to show in general terms the differen 
tendencies in American and Swed 
water purification practice may by 
found of some interest. 

From a Swedish point of view, coi 
agulation for removal of organic mat 
ter and color is of the greatest inter 
est. Because of the uniformity of th 
Swedish sources of water supply how 
ever, these plants have become stand 
ardized in principle in the course ¢ 
time, and, as is well known, all stand 
ardization involves a certain risk, when 
water is concerned. Consulting engi 
neers frequently ignore the fact tha 
careful and repeated coagulation test 
should be made with different chemi 
cals. The design of purification plant 
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also follows more or less routine lines, 
providing conventional flocculation and 
sedimentation basins and rapid sand 
filters. This is very different from 
the practice followed in the United 
States, where carefully conducted tests 
are made often to determine both the 
coagulant to be used and the design of 
plant required by the individual cir- 
cumstances. Moreover, Americans 
adopt different methods of coagulation 
on a large scale, such as pre-chlorina- 
tion, dosing with activated silica and 
the like. Far greater care is devoted 
in America to the design of reaction 
chambers, mixing chambers and sedi- 
mentation basins than in Sweden, which 
unquestionably has much to learn about 
these matters. 

Although surface water constitutes 
the major part of the total water supply 
in Sweden, there are extensive dis- 
tricts—which include a number of 
fairly large towns, particularly in the 
southern and central provinces—in 
which ground water serves as the 
source of supply. There are only three 
plants in Sweden for softening public 
water supplies—a number that, not- 
withstanding the smaller size of the 
country and the relatively low hard- 
ness of its supplies, is all out of pro- 
portion to the more than 600 in the 
United States. Economically, soften- 
ing plants are one of the most justifi- 
able of public investments, and they can 
be an important feature of the national 
economy. Swedish engineers are striv- 
ing to make their politicians water- 
minded, and American experience is 
of the greatest value in the advance- 
ment of this work. 

America is also in advance of Sweden 
in the use of smaller softening filters. 
There is no appreciable difference be- 
tween the design of American and 
Swedish filters, it is true, but the use 
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of softened water is far more wide- 
spread in certain parts of the United 
States than in Sweden. 

There is, however, a considerable dif- 
ference from a technical point of view 
in boiler feed water treatment methods. 
This may, of course, be due to the fact 
that the boilers employed in large Amer- 
ican industrial concerns frequently 
work at a higher pressure than is cus- 
tomary in Sweden, and, consequently, 
are more exacting in their demands 
for water treatment. Among other 
methods, the new synthetic resins for 
demineralization by means of cation and 
anion exchangers have been accepted 
in the United States. This system has 
not yet been adopted in Sweden, al- 
though Swedish water, owing to its 
low salt content, is suitable for treat- 
ment by the process. 

Swedish progress with the problem of 
corrosion appears to compare favorably 
with American work. At a number of 
places the author even received the im- 
pression that insufficient attention is 
devoted to the question of corrosion. 
For example, there is no equivalent in 
the United States to the Swiss MAGNO 
compound employed in Sweden which 
has yielded such excellent results, par- 
ticularly in the removal of carbon di- 
oxide, iron and manganese from the 
water. Nor does American aeration 
equipment for the removal of carbon di- 
oxide appear to be comparable with the 
Swedish INKA-apparatus. It is in 
just such details—often quite impor- 
tant—that Swedish practice has ad- 
vanced a long way. 

The author has made a special study 
of water purification for swimming 
pools, but has not noted any strik- 
ing differences between American and 
Swedish methods. In America and 
Sweden the existing purification plants 
are constructed on widely differing 
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lines, but there seems to be entire agree- 
ment on matters that would affect the 
ideal form of purification plant, as, for 
example, the time of circulation and 
the form of the filters. Notwithstand- 
ing slight differences, the grounds on 
which the quality of swimming pool 
water is judged appear to be more or 
less similar. It is true that the system 
of separate circulation for chlorine 
dosage, unknown in America, has been 
widely adopted in Sweden of late. On 
the other hand, it is understood that 
certain experiments with free residual 
chlorination for swimming pools are 
in progress in America, and it is pos- 
sible that the problem of maintaining 
effective sterilization in all parts of a 
swimming pool without entailing an 
offensive chlorine odor may be solved 
in this way. 

In the sterilization of water for hu- 
man consumption, the United States 
has a long lead over Sweden. Not only 
are the methods of application and 
dosage arrangements for chlorine far 
superior in the United States, but the 
application of chlorine not only for ster- 
ilization but also for taste and odor con- 
trol is much further developed. One 
reason for this greater development is 
of course the fact that, as the large 
rivers in the United States serve simul- 
taneously as collecting points for sew- 
age and as sources of supply, water 
sterilization is of paramount impor- 
tance. Sweden has a great deal to 
learn from the Americans about sterili- 
zation in general and chlorination in 
particular. 

Because stream pollution is so wide- 
spread and affects raw water quality, 
a very considerable amount of atten- 
tion has been devoted to the question of 
sewage disposal in America. In places, 
the purification of sewage must be car- 
ried to extremes in order to obtain a 
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potable water supply at all. This prob. 
lem does not arise on a large scale jp 
Sweden, despite the increase in popu- 
lation and the constantly progressing 
industrial development. There can be 
little doubt that, as Sweden’s attention 
is increasingly directed to sewage treat- 
ment, engineers will be obliged to turn 
to the Americans and profit by their 
experience. 


Social and Economic Differences 


It is clearly impossible in a short ar- 
ticle to make exhaustive comparisons, 
The author has attempted only to touch 
briefly on the important questions in a 
more or less general manner, and ob- 
viously a critical reader could mention 
special conditions that do not conform 
to the generalizations made. On the 
other hand, a long series of further 
comparisons could be cited, in support 
of these contentions, to complete the 
general picture. It is mainly in details 
of design, suitable planning and—above 
all—an understanding of the relation 
between the technical development and 
its economic importance that the United 
States is so far in advance of Sweden. 
This picture would be unjustified, 
however, if the reverse side were not 
also examined. There is a close con- 
nection between the social standard of 
a nation and the manner in which it 
deals with its water problems. Where- 
as, in Sweden, conditions are very uni- 
form, both from a social and technical 
point of view, they are widely diver- 
gent in the United States. Undoubt- 
edly some regions in the United States 
are more advanced than others, and 
consequently there are a large number 
of communities in which the water 
supply question has not been settled in 
an entirely satisfactory manner. 

Furthermore, a visitor cannot help 
observing that certain new methods are 
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romoted by means of extensive prop- 
aganda although—infrequently, it is 
true—they do not possess the technical 
merits claimed for them. Similarly, 
antiquated and technically unsuitable 
methods are often maintained in use 
by skillful advertising and the en- 
jeavor of some companies to solve all 
water problems, not so much in an ob- 
jective manner as by the application of 
processes which happen to be available, 
regardless of their suitability to special 
circumstances. 

Swedish water treatment practice 
was dependent to a great extent dur- 
ing the 1920’s and 1930’s upon develop- 
ments in Germany, although for many 
years past the United States has been 
the leading source of new methods for 
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more efficient water treatment. Not- 
withstanding their relatively high tech- 
nical level, many of the small European 
states, including Sweden, are obliged 
to learn from the United States and 
avail themselves of its imposing capac- 
ity for initiative and its stimulating 
wealth of ideas. 

Although, generally speaking, ex- 
cellent relations have always existed be- 
tween engineers in the United States 
and Sweden, contacts in the water sup- 
ply field have hitherto been few. It is 
hoped, however, that closer connections 
can be established in the future be- 
tween American and Swedish water 
works engineers through the exchange 
of technical information and the ac- 
tivities of professional organizations. 
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Corrosion Control With Calgon 


By Owen Rice 


A paper presented on Oct. 16, 1946, at the Southwest Section Meeting, 


Galveston, Tex., by 


pre years ago the announcement 
that from 0.5 to 2 ppm. of glassy 
phosphate * would prevent the precipi- 
tation of calcium carbonate from water 
was greeted with considerable skepti- 
cism. Water works engineers were 
quite willing to be shown, however, be- 
cause of the many difficulties they were 
encountering with scale formation. A 
simple test, which could be performed 
within a few minutes in any laboratory, 
generally sufficed to allay this skepti- 
cism, and, consequently, it was not 
long before many hundreds of plants 
were using this glassy phosphate for 
this purpose, under such conditions 
that as many as several hundred parts 
per million of calcium carbonate would 
otherwise have been precipitated. 
These users included refineries and 
power plants, where it was necessary 
to keep scale formation from the con- 
densers in the cooling systems, as well 
as municipal plants, where it is desir- 
able to prevent after-precipitation of 
calcium carbonate in filters and pipe- 
lines, as well as the water heaters of 
the consumers. 


Corrosion Control 


The author’s statements regarding 
the efficacy of this phosphate glass for 


* Calgon is one of the many sodium phos- 
phate glasses; it is characterized hy a P.O, 
content of 67 per cent. The glassy phosphate 
referred to in this paper is Calgon. The use 
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scale prevention were received with 
some skepticism, but there is no meas- 
uring the degree of unbelief which 
greeted his announcement that the 
same phosphate could be used for cor- 
rosion control. This could not be, 
Certainly, if a material prevented the 
precipitation of calcium carbonate, it 
should increase corrosion. For years 
almost everyone had relied on calcium 
carbonate for corrosion inhibition, 
The manufacturer was still glad to 
demonstrate but, unfortunately, the 
technique was not so easy as it had 
been with calcium carbonate precipi- 
tation. 

It is not sufficient simply to put a 
nail or a weighed strip into a beaker 
of water containing a few parts per 
million of this glassy phosphate. If 
this is done, the specimen will rust just 
as rapidly as in untreated water, as 
shown in Fig. 1. Under quiescent 
conditions, that is, with no stirring— 
even at glassy phosphate concentra- 
tions of 200 ppm.—the steel rusts as 
rapidly in the treated water as in the 
untreated. If the water is stirred, 
however, a tremendous difference is at 
once apparent. The rate of corrosion 
in the untreated water is increased 
about 400 per cent, whereas the rate 


of other glassy phosphates, as well as most 
of the crystalline molecularly dehydrated 
phosphate, would yield results which were 
in qualitative but not quantitative agreement. 
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June 1947 CORROSION 
of corrosion in the water containing 25 

pm. of the phosphate glass is reduced 
about 75 per cent. 

In quiescent waters, the supply of 
dissolved substances to the metal sur- 
face depends upon the relatively slow 
rocess of diffusion. Oxygen is sup- 
plied to the surface so slowly that the 
corrosion can proceed but slowly. 
Glassy phosphate is supplied to the 
surface so slowly that protective film 
formation proceeds at a practically 
negligible rate. Agitation greatly ac- 
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Fic. 1. Beaker Tests of Corrosion 


celerates the rate at which oxygen is 
brought to the metal surface and thus 
permits a much faster rate of corro- 
sion; in the ordinary untreated water 
just such an acceleration is observed. 
Agitation also accelerates the rate of 
supply of inhibitor to the metal surface 
and, thus, results in a much faster for- 
mation of a protective film. In the 


treated water, the increased rate of 
protective film formation more than 
compensates for the accelerative action 
of the increased rate of oxygen sup- 
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ply, with the net result that the corro- 
sion rate decreases. 

The concentrations used in the 
beaker tests admittedly are out of the 
question for a distribution system. 
But it is the rate of supply of the glassy 
phosphate to the metal surface that is 
the important factor, rather than the 
concentration alone. In flowing, 
treated water, phosphate is continu- 
ously being brought to the metal sur- 
face and, at any appreciable flow rate 
and phosphate dosage, it is obvious 
that considerably more of this phos- 
phate will pass over the metal surface 
than was present in any of the small 
beakers. Figure 2 shows the results 
of tests in which the water is run 
through pipes at rates normal in prac- 
tice; it is found that as little as 1 or 2 
ppm. of metaphosphate is quite effec- 
tive in reducing corrosion. In fact, 
the indications are that much of the 
apparently greater corrosion at the low 
phosphate dosages is simply due to the 
longer period of time required to form 
the protective film; the actual rate of 
corrosion at the end of five days is 
probably very little greater with only 
2 ppm. of this glassy phosphate than 
with 10 ppm. 

It might be noted that a higher rate 
of supply of the glassy phosphate is 
required for a given rate of protective 
film formation with a pickled surface 
than with the normal iron or steel 
surface. A pickled steel surface differs 
considerably in corrosive behavior from 
metal surfaces as they are generally 
encountered—that is, with a well de- 
veloped oxide film. Thus, corrosion 
tests should be conducted on a surface 
similar to that encountered in actual 
use. 

It should be emphasized that the 
linear flow velocity required for satis- 
factory corrosion protection with the 
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inhibitor is higher for small diameter 
pipe than for the actual distribution 
system. This factor should be taken 
into consideration in evaluating the 
results of many tests with phosphates 
(1). Apparently it is due to the 
development of turbulence at much 
lower linear velocities in large diam- 
eter pipes than in small. Turbulence 
greatly increases the rate of supply of 
inhibitor to the metal surface, and, 
therefore, the rate of protective film 
formation. Where very low flows are 
encountered in actual systems, as in 
bad “dead ends,” frequent flushing is 
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Fic. 2. Tests of Corrosion With Normal 
Flow 


recommended until the protective film 
becomes well developed. Once the pro- 
tective film has formed, a greatly re- 
duced rate of supply of the glassy 
phosphate suffices to maintain the film, 
and flushing of the “dead end” can 
generally be eliminated. 

In hot water, the percentage of pro- 
tection obtained by the phosphate glass 
seems to be even higher than in cold 
water, but, even so, the conditions are 
so much more severe that, to do a 
really effective job of corrosion con- 
trol, it is necessary to use concentra- 
tions of the order of 5 or 10 ppm. 
These higher concentrations are not 
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necessitated by reversion at the high® js sk 
temperatures, but by the effect, ag j,. phos 


lustrated by Fig. 3, which shows thef fim 
effect of varying concentrations of 
metaphosphate at various tempera. 
tures. These tests covered a period of 
8 hours in which the solution was no} A 
replenished with this glassy phosphate. 

There is a pronounced hump in the 
corrosion curve which reaches a peak 
at approximately 80°C. Up to this 
point, the effect of temperature in ac. 


Weight Loss — mg. per sq.dm. per day 


Temperature — °C 


Fic. 3. Effect of Temperature Upon 


Corrosion 


celerating the corrosive reaction 
more pronounced than the opposi 
effect of the lowered oxygen concen 
tration. Above this temperature, th 
lowered oxygen concentration has 
greater effect than the increasing tem 
perature, so that, at the atmospheri 
boiling point, the rate of corrosion i 
about the same as at room tempera 
ture. As the rate of corrosion in un 
treated water is less at the boiling poin 
than at 80°C., there is not so rapid 
loss of the phosphate due to adsorptio 
on the iron oxide formed in the cor 
rosion process. In other words, 

rate of corrosion at the boiling poi 
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is slower, so that with any given glassy 
phosphate concentration the protective 
{lm is laid down more rapidly than 
the rust is formed. 


Stabilization of Iron and Manganese 


A third application of this vitreous 
phosphate, which has attracted a great 
deal of attention, particularly in the 
municipal field, is its use to prevent 
the precipitation of dissolved iron from 
well water. Although not as spectacu- 
lar as the use for the stabilization of 


on 


calcium carbonate or for corrosion con- 
trol, this application has been very 
beneficial in a number of plants, espe- 
cially where harassed water works su- 
perintendents were receiving many 
“red water” complaints and were find- 
ing it difficult to correct the situation. 
The amount required for iron stabili- 
zation is 2 parts of the phosphate for 
each part of iron in the water. The 
adsorption of glassy phosphate on the 
particles of iron oxide tends to keep 
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them separated and prevent their 
growth to such a size that they will 
cause noticeable discoloration of the 
water. This adsorption of the glassy 
phosphate upon the iron oxide parti- 
cles is akin to the action of corrosion 
control, in which the formation of the 
protective film is due to the adsorption 
of this phosphate upon iron or iron 
oxide. 

Figure 4 shows the effect of varying 
amounts of the phosphate in prevent- 
ing the staining of clothes from a wa- 


Fic. 4. Prevention of Iron Stain 


ter containing iron. The stain is pro- 
duced by filtering a liter of water 
containing 2 ppm. of iron through 
filter paper and cloth, and the figures 
indicate the ratio of the glassy phos- 
phate to iron present in the water. 
For example, the amount of phosphate 
used for the cloth labelled “2” was 
actually 4 ppm., or twice the amount 
of iron present (as Fe). Such water 
treated with the vitreous phosphate 
will remain clear for a week or longer. 
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In the example illustrated, the water 
was allowed to run through the filters 
after having been exposed to the at- 
mosphere for 48 hours. 

Iron oxide is so extremely insoluble 
that it starts to separate the instant 
the ferrous iron present in the under- 
ground water supplies is oxidized to 
the ferric state. Consequently, it is 
vitally important that the glassy phos- 
phate be added to the water before the 
iron is given an opportunity to oxidize, 
either through exposure to the air or 
treatment with chlorine. 

Several municipal plants are also 
using this phosphate glass to prevent 
the precipitation of manganese. One 
plant has been using this phosphate for 
this purpose very successfully for five 
years. At another plant, the manga- 
nese reached the almost unheard-of 
concentration of 7.2 ppm., with an 
average. of about 5 ppm., and virtually 
no complaints were received after the 
glassy phosphate treatment was begun. 
Of course, this was not the normal 
water supplied by the plant; the situa- 
tion was due to the sudden failure of a 
well. The superintendent had the un- 
fortunate experience of being informed 
of the change in the quality of his 
water by the appearance of some 200 
angry women before his office door 
early on Tuesday morning. Many of 
them were waving their towels and 
tablecloths, which were covered with 
ugly brown spots and stains. 

Treatment with 10 ppm. of this 
glassy phosphate was started the same 
week and continued for more than two 
years without any more such occur- 
rences. At the end of that time, the 


superintendent finally succeeded in dig- 
ging a new well and installing new 
pumping equipment, and was able to 
furnish a water which did not require 
such large phosphate dosages. 
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One other plant that has found thisfphate 
glassy phosphate useful for controllinggrustot 
the precipitation of dissolved iron jgffhey 
of interest because it had already inggignif 
stalled facilities for iron removal. Aghhe 
it happens, the wells normally used by§nissit 
this plant contain only 0.5 to 0.8 ppm vital | 
of iron, so that the installation of the WI 
iron removal plant merely shifted thefron, 
area of complaints from “red waterhicts | 
Formerly, the iron had precipitate 
near the plant and many complaint 
were received from residents in thg 
section. After installation of the iro at 
removal plant, these customers wer 
very pleased with the character of the 
water, but complaints began to be ref 8} 
ceived from outlying sections. Of 
course, the answer was obvious—th¢ 


iron removal plant involved aeration§ 
and the aeration introduced oxygen} 
into the water. This oxygen, in tum: ,, | 


rusted the pipes and caused the ap 
pearance of iron rust in the outlying 
sections. In addition, over a fewe 9} 
years it decreased the carrying capac! 
ity of the pipes to a significant extent 
The glassy phosphate was first us 
to treat a well containing 2.3 ppm. o 
iron which was sometimes used in th 
summer when the water demand w 
heavy. It worked so well that th 
plant engineers considered it desirabl 
to treat the entire supply, with th 
result that complaints from all section 
of the system were eliminated, and th 
carrying capacity of the distributio 
system was maintained. 
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Tuberculation Control 


portant application of this phosphat 
glass, although it is really an_ out 
growth of its uses for corrosion comfpyer 
trol and for dissolved iron stabilization§netal 
is its use against tuberculation. Théjnay b 
other applications of this vitreous phosfface si 
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thishate are useful primarily to improve 
rOllingfustomer relations and good will. 
ron jisffhey are of relatively minor financial 
dy in-pignificance to the water plant, whereas 
|. Ashhe rate of tuberculation of the trans- 
sed bygnission lines and distribution mains is 
S ppm ‘ital to any water works. 

of th When iron rusts—whether it be cast 
ed thefron, wrought iron, or steel—the prod- 
vatericts of corrosion take various forms 
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or there may be isolated attack at se- 
lected points. If the water is quite 
acid in nature, the metal may be sim- 
ply dissolved, but at pH values above 
5.0 some of the products of corrosion 
are left on the surface and only a part 
goes into the supply. Usually, the 
higher the pH value of the water, the 
greater the proportion of the corrosion 
products that are left on the surface of 
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nd have various appearances and 
hysical characteristics, depending upon 
he environment. Thus, in the air 
here is usually a general attack upon 
he surface resulting in a fairly uni- 
om, rather adherent layer of rust 
wer the entire surface. When the 
netal is submerged in water, there 
vay be a general attack upon the sur- 
ace similar to atmospheric corrosion 
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Effect of pH Upon Tuberculation in Treated and Untreated Waters 


the metal and the more tendency there 
is for isolated attack. Thus there is a 
greater tendency to form tubercles in 
high pH water. These tubercules con- 
sist simply of corrosion products over 
the pits where the metal is dissolving. 

Although treatment with lime and 
other alkalies has resulted in a great 
reduction, if not a complete elimina- 
tion, of “red water” complaints in many 
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cities, its use has produced very little, 
if any, reduction in_ tuberculation. 
Usually, in fact, it has caused an in- 
crease. Treatment with the glassy 
phosphate, on the other hand, has al- 
ways produced a marked reduction in 
the rate of tuberculation as well as in 
the rate of corrosion of a pipe as meas- 
ured by pick-up in iron or weight loss 
from the metal. This is shown in Fig. 
5, which gives the results of some tests 
with Pittsburgh tap water. 

This water, which has a pH value 
of 6.3, causes an appreciable amount 
of tuberculation, as measured by the 
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Fic. 6. Tuberculation Tests at Cincinnati 
increase in head required to force a 
constant quantity of water through 20 
ft. of 4-in. black iron pipe. If the 
water is treated with lime or soda ash, 
so as to raise the pH value to only 7.5, 
the rate of tuberculation is increased 
tremendously—about 1,000 per cent. 
Incidentally, treatment of the water 
with acid (not shown in Fig. 5) caused 
an actual decrease in the rate of tu- 
berculation, even though it increased 
the rate of attack upon the metal. 
Treatment of the water with the vitre- 
ous phosphate caused a marked drop 
in the rate of tuberculation, as well as 
in the rate of corrosion, at all pH 
values. 
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Figure 6 shows the results obtaj 5 
by Mr. Evans, Supt., Municipal Wat 
Purification Plant, Cincinnati, 
on the plant effluent with and witho 
the addition of the glassy phosphaty 
This water is Ohio River water whic} 
after filtration, has been adjusted wit 
lime to a pH value between 82 apn . 
8.4. The marked effect of only 4 ppm 
of this vitreous phosphate in decreas 
ing tuberculation is clearly appare 
The tests used a flow of 3.0 gpm. ; 
20 ft. of 4-in. pipe. 

Figure 7 shows the even more stri 
ing results obtained with test flow 
through 12 ft. of }-in. black iron pig 
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Tuberculation Tests at Lynchbu 
Va. 


7. 


of water having a pH value of 7, 
ppm. of alkalinity and 14 ppm. 
hardness. The use of this glassy ph 
phate practically stopped tuberculati 
and reduced corrosion—tests show 
no iron pick-up in the mains—to 
point where it is no longer a probl 

The tests made by Peter E. Pal 
of the Hackensack Water Co. (2) a 
of considerable interest as they we 
conducted for over a year with a 
ter of markedly different corrosi 
characteristics than that of Pittsbur 
His method of evaluation of resul 
included data for both weight loss a 
the head required to maintain a ¢ 
stant flow. The curves for a flow 
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btaineg¢ 5.4 gpm. through 3-in. pipe are 
eproduced in Fig. 8. 
~ Ohi It will be noted from these curves 
withoultat the treated water caused a much 
Sphatd.reater weight loss for the first month 
Whielf-han did the normal Hackensack wa- 
Wither, As the curves show the cumula- 
3.2 an ive rate of loss in weight as a function 
4 ppnk¢ the time, this high initial loss is 
€creag¥ flected in all of the data for longer 
Parenfreriods of exposure. After the first 
PM. #ronth of the test, the actual corro- 
ion rate was very low—about 5 mg. 


> Strilfier sq.dm. per day. This lower rate is 
flow 


pi 80 
Line No. 4 | 
8 60 Threshold Treated, 2 ppm. 
Line No. R 
Untreated 
2 \ 4 
RATE OF LOSS OF IRON 
| 
= 199 —+_+_+— 
40 
60-— - Line No. 4 +—_-_ 
/ Threshold Treated, 2 ppm 
LOSS OF HEAD) 
9 
7, 0 40 80 120 160 200 240 280 320 360 400 440 
Number of Days in Service 
ph Fic. 8. Pipe Tests at Hackensack, N.J. 
tlatidl * Line No. 4 corrected to show weight loss after first 


nonth, 


hown by the curve that has been 
dded to show the rate at which the 
orrosion proceeded in the treated sys- 
em after the first month. 

What this means is that the glassy 
hosphate prevented the normal iron 
xide film from forming on the pipe 
uring the first month while, at the 
me time, with a rate of feed of only 
ppm., it probably took the entire 
nonth for the protective film to form. 
nce formed, however, this film af- 
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forded a high degree of protection. 
Just how good this phosphate film is 
in protecting the pipe from corrosion 
is well illustrated by the fact that, at 
the end of the year, when the untreated 
water had formed a rust layer so thick 
on the inside of the pipe that it was 
practically plugged, it still was giving 
only one-fourth as much protection as 
the less than ;'5 in. of deposit formed 
in the treated pipe which had caused 
only ;'5 as much loss in head. 

Of course, confirmatory data on an 
actual plant scale are much harder to 
secure and take a much greater period 
of time than do simple data relating 
to scale formation or “red water” and 
iron pick-up. Such full-scale tests as 
have been made to date over a period 
of years show a 50 per cent reduction 
in the rate of tuberculation as the 
least improvement that has been no- 
ticed. The greatest improvement noted 
has been an actual increase in the rate 
of flow—that is, a removal of tuber- 
culation. Incredible as it may seem, 
this was effected without any increase 
in complaints of “red water.” It was 
reported by the Underwriters Labora- 
tories, whose engineers were making 
their regular survey of this city in 
order to determine the flow from the 
fire hydrants. The year after the use of 
this vitreous phosphate was started, they 
reported to the city manager that, for 
the first time in their experience, they 
had noticed an actual improvement in 
rate of flow over the values recorded 
in the previous year. The next vear 
they noticed a still further improve- 
ment. 

Many water works executives are 
faced with the problem of making an 
8-in. main serve where a 10-in. main 
would normally be required. Others 
must contemplate laying new mains to 
handle additional suburban develop- 
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ments, unless the existing distribution factory corrosion control. After ; 
system can be kept clean. Or the rate it is little consolation to know th 
of depreciation of an entire existing corrosion in a system has been stoppe 
system may be excessive, as the result if it will no longer carry the water, 
of tuberculation. When the possibili- 

ties inherent in the use of the glassy References 

phosphate for the maintenance of the 1, BarBEE, Epnwin W. Tuberculation Me; 
carrying capacities of a distribution urement as an Index of Corrosion ; 
system are considered, its value may Corrosion Control. Jour. A.W.WJ 


. 39:220 (1947). 
readily be appreciated. 2. Pato, Peter E. A Study of Corrosj 


Maintenance of carrying capacity is Control with Sodium Hexametaphg 
the most important feature of satis- phate. Jour. A.W.W.A., 38 :499 (194 r 
been 
e finds 
Transportation Tax Exemption pie 


om: 
The Revenue Act of 1943, effective June 1, 1944, continues a 


in effect the exemption from payment of the transportation tax ing 


by states or their’ political subdivisions. and 
This means that water department employees may purchase 4 
tickets for any form of public transportation (where the tax par 
applies; i.e. train, airplane, bus) without paying the 15 per cent f. 
federal tax, if the following conditions are met: papa 
1. The travel must be recognized as official by the water de- § well 
partment or city executive. view 
heen 


2. The official nature of the travel is, or will later be, evidenced diets 
by the payment (or reimbursement) of the amount paid for : 


transportation. Meth: 

3. The purchaser of the ticket or tickets presents to the agent Th 
of the common carrier a properly executed copy of Treasury De- i 
partment form 731. P mij 


Copies of form 731 are obtainable from the various offices of § strate 
the U.S. Internal Revenue Department. The completed form § urall; 
must be presented to the agent of the carrier when the ticket is § ‘cial 


purchased. artific 
tone | 
More complete information may be found in the JOURNAL § (5) 
for Sept. 1944, Vol. 36, page 1005. and ( 
Harry E. Jordan, In 
termi 
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Bactericidal Properties of Chlorine Dioxide 
By G. M. Ridenour and R. & Ingols 


A contribution to the Journal by G. M. Ridenour, Associate Professor, 
and R. S. Ingols, Instructor, Public Health Engineering, Dept. of 
Environmental Health, School of Public Health, Univ. of Michigan, 


Ann Arbor, Mich. 


HE usefulness of chlorine dioxide 

in producing a palatable water has 
heen described by several investigators 
(1,2). It appears that the material 
fnds a special application where chlo- 
rine is either unsatisfactory or uneco- 
nomical in increasing palatability. 
Present practice with waters requir- 
ing disinfection in addition to taste 
and odor reduction, however, calls for 
the application of chlorine along with 
chlorine dioxide. Since chlorine di- 
oxide is similar in reactive character- 
istics to chlorine, it would seem that 
it might be useful for disinfection, as 
well as for increasing palatability. In 
view of this possibility, studies have 
heen made to learn whether this gas 
may also be useful as a bactericide. 


Method of Study 


The investigations undertaken com- 
pared the bactericidal effects of solu- 
tions of chlorine dioxide, chlorine and 
a mixture of the two in various sub- 
strates. These included: (1) nat- 
urally polluted river water, (2) arti- 
fcially contaminated tap water, (3) 
artificially polluted solutions of pep- 
tone in water, (4) settled raw sewage, 
(5) activated sludge sewage effluent 
and (6) distilled water. 

In addition, tests were made to de- 
termine the effect of hydrogen ion 
concentration on the efficiency of both 
chlorine dioxide and chlorine, by ad- 
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justing the pH of artificially polluted 
solutions of peptone and samples of 
naturally polluted river water. 

The criterion used for the compara- 
tive effectiveness of the two gases as 
disinfectants was the presence or ab- 
sence of bacterial growth after 30 min- 
utes of contact with the chlorine diox- 
ide or chlorine, indicated by transfer- 
ring two l-ml. portions of the treated 
material into tubes of lactose broth. 
These tubes were incubated at 37°C. 
and read at the end of 24 and 48 hours 
to check on possible recovery of the 
bacteria from the disinfection §treat- 
ment. Simultaneously with the bac- 
terial transfer, measurements were 
made of ortho-tolidine and ortho-toli- 
dine-arsenite residuals in each sample. 

Where artificial contaminants were 
used, a suspension of Esch. coli was 
prepared by seeding the entire surface 
of a freshly poured agar plate, incubat- 
ing for 24 hours, and then washing off 
the surface with sterile water to form 
a suspension. A small volume of this 
suspension was added to the test sam- 
ple. The final test sample contained 
approximately 2,500 organisms per ml. 
The effect of the disinfectants was 
measured on 100-ml. portions of the 
sample by adding solutions of varying 
amounts of chlorine dioxide, chlorine 
or a mixture of the two gases. 

To confirm the absence of bacterio- 
stasis in the method of testing used in 
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Bactericidal Effects of Chlorine Dioxide, Chlorine and Mixture of Both in Different Media 


RIDENOUR & R. S. 


TABLE 1 


INGOLS 


Mixture* 


Residual) Residu 


Chlorine Dioxide Chlorine 
Residual] Residual Residual!) Residual Weight 
(OT) | (OTA) (OT) | (OTA) | Growth|| Applied) (OT) | 
ppm. ppm. ppm. ppm. ppm. ppm. 
Naturally Polluted Huron River Water 
0.10 | 0 0.25 | trace | ++ || 2.9 | 0.10 
0.12 | 0 0.20 | 0.17 | ++ || 3.6 | 0.15 
0.25 | 0.07 0.50 | 0.25 | —— | 4.2 | 0.30 
0.40 | 0.10 0.60 | 0.30 Babe 5.1 | 0.20 
0.50 | 0.12 1.00 | 0.70 "-— | 5.8 | 0.40 
1.0 | 0.30 1.30 | 0.90 | —— || 6.5 | 0.60 
0.8 | 0.30 1.80 | 1.20 | —— || 7.2 | 0.80 
Artificially Contaminated Ann Arbor Tap Water 
| 
0 0 0 0 |++] oo7/ 0 | 
trace | 0 0.10 0 0 +4 0.15 | trace | 
0.05 | 0 0.15 | trace | ++ 0.29 0.05 | 
0.10 0.05 0.20 0.05 | ++ 0.58 0.10 
0.20 | 0.07 0.25 | 0.10 | ++ 0.72 0.15 
0.20 | 0.10 0.40 | 0.10 | ++ 1.16) 0.20 
0.30 | 0.12 0.50 | 0.10 | —— 1.50 0.30 
1.20 | 0.60 0.15 | 1.70 | 0.30 
Artificially Contaminated Peptone Water (200 ppm.) 
0.1 0 | 1.0 trace | ++ | 
0.9 trace LS 0.05 | ++ | 
12 trace 1.8 0.07 | ++ 
1.7 0.3 2.0 0.09 | ++ 
7 0.5 2:5 0.10 | ++ 
2.5 | 0.9 3.0 | 0.10 | +4 
3.0 | 1.2 | 3.3 O12 | 
| 3.5 | O15 | —— 
Artificially Contaminated Peptone Water (400 ppm.) 
| 
14 | 0 | | 15 | 007 | ++) 87 | 1.8 
1.8 0 / 2.0 | 0.07 | ++ || 10.1 | 2.0 
2.0 0.05 | 2.5 0.08 | ++ 116 2.5 
2.5 | 0.07 3.0 | 0.08 | ++ | 13.0 | 3.0 
3.0 | 0.20 40 | 0.12 | —— || 145 | 3.5 
3.5 0.60 45 | 015 | —— || 15.9 4.0 
3.5 0.80 5.0 0.15 -- 17.4 4.5 
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Weig 
Appi 

Appi OTA) |G 

pom. 

3.8 | O | +48 2.86 
4.75 | O 3.86 

5.70 | trace | +49 

6.65 | trace | 

a 7.60 | 0.07 | -- 

ee 8.55 | 0.10 | -- 

9.50 | 0.15 | 16 

11.4 
15.2 

19.0 
— 11.8 
16.6 

).095 0 | +49 20. 

| weet, 

ae 1.52 0.07 | -- 

1.90 | 0.07 | 

——— 

7.6 | 

9.5 

11.4 | 

13.3 

17.1 

19.0 | 

11.3 | 0 | +4 

17.1 0.05 -- 

19.1 

21.0 0.10 | 
23.0 0.12 | 
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TABLE 1.—(Cont'd.) 


Chlorine Dioxide Chlorine Mixture* 

| 

Weight | Residual] Weight | Residual Residual Weight Residuall Residual 
applied (OT (OTA) | Growth|| Applied) (OT) | (OTA) | Growth|| Applied} (OT) (OTA) | Growth 

ppm. ppm. ppm. | ppm. || ppm. ppm. | ppm. 
Activated Sludge Sewage Plant Effluent 
0.95 | 0.25 0.05 | ++ | 0.5 0.05 | trace | ++ | 0.8 | 0.10 | 0.05 | ++ 
190| 0.40 | 0.10 | —-— || 1.0 | 0.20 | 010 | -— |} 1.5 | 0.25 | O10 | —— 
290 | 0.50 | 0.20 | —— |] 1.5 | 0.50 | 015 | —— 22 | 0.50 | 015 | —— 
330 | 0.60 | 0.20 | —— 2.0 | 0.90 | 0.20 | —— || 29 | 0.50 | 0.20 | —— 
Settled Raw Sewage 

76 | 0.0 0.0 | ++ 4.0 0.0 0 oe 5.8 0 0 | ++ 
11.4 0.0 0.0 ++ 6.0 0.0 0 ++ 8.9 0 0 i++ 
15.2 0.3 0.0 | ++ 8.0 0.0 0 + + 11.6 0 0 | ++ 
19.0 1.0 trace | —— || 10.0 | trace | trace | —— || 14.5 0 0 S ae 
21.8 1.3 0.05 | —— || 12.0 0.3 trace | —— |} 16.9 0.05 0 ++ 
26.6 1.5 0.10 -— 14.0 0.7 0.05 -— | 20.3 | 0.15 | wace | —-— 


. Chlorine to chlorine dioxide i in 1:1.9 ratio. 


these bactericidal studies, additional 
tests were set up on both chlorine and 
chlorine dioxide to determine possible 
inhibition by residuals not chemically 
measurable. These tests consisted of 
reinoculating, with Esch. coli, a por- 
tion of all chlorine and chlorine diox- 
ide treated samples showing negative 
growth, incubating for 24 and 48 hours 
at 37°C. and observing growth. As 
the results of these bacteriostasis tests 
showed positive growth in all samples 
in 24 hours, it was considered unnec- 
essary to de-chlorinate samples before 
transfer to the lactose broth. 

All artificially constructed test wa- 
ters, except those used in the pH 
studies, were buffered to a pH of 8.0 
with 200 ppm. of sodium bicarbonate. 
The pH values of the river and sewage 
samples were between 7.5 and 8.0 with 
no buffer added. For the pH studies, 
the samples were adjusted with sodium 


carbonate for a pH of 10, with sodium 
bicarbonate for a pH of 8.0, and with 
sodium di-hydrogen phosphate for a 
pH of 6.0. 

All studies were carried out at room 
temperature (approximately 75°F.). 


Results 


The bactericidal effectiveness of 
chlorine dioxide in the various con- 
taminated waters is shown in Tables 
1 and 2. The relation of the disin- 
fecting capacity of chlorine dioxide to 
that of chlorine and a mixture of chlo- 
rine and chlorine dioxide is given in 
these same tables. The standard 
ortho-tolidine (OT) and _ ortho-toli- 
dine-arsenite (OTA) residuals given 
in these data were the residuals re- 
maining after 30 minutes of contact 
with the media. The values for chlo- 
rine and chlorine dioxide dosages are 
shown on an actual weight basis. 
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Where mixtures of the two gases were 
used, the quantities applied were in a 
ratio of chlorine dioxide to chlorine of 
1.9 to 1.0 by weight. 

These results show that, regardless 
of the character or concentration of 
organic matter in the contaminated 
samples used for this study, chlorine 
dioxide was effective as a bactericide. 
The amounts required for disinfection 
varied with the type and concentration 


of the organic matter in the sample. 


TABLE 2 
Bactericidal wearers of Chlorine Dioxide, Chlorine and Mixture of Both in vinta Media 


R & R. S. INGOLS Jour. AWW, 
the artificially contaminated pepto 
waters, less chlorine dioxide than chip 
rine was needed on a weight bagi, 
It is of interest to note that in all teg 
there was no consistent relationshj 
between the OT residual and the bac 
terial kill. On the basis of OTA 
siduals, however, this relationship | 
comparatively exact, as, with one e¢ 
ception, less than 0.15 ppm. of OTS 
residual was sufficient in any sampk 
with either disinfectant. 


ide | 


Chlorine Diox i Chlorine | Mixture* 
| Residual at * | Residual at Residual at 
| Weight Death Point Weight| Death Point Weight} Death Point 
et, Copdivion of Applied] 
| cory |coray | (OT) | (OTA) | cory loom 
| | pom. | ppm. | Pom. | ppm. || pom. | ppm 
Natural | Sinan R. 5.7 | 0.40 | 0.10 3.00) 0.50 | 0.25 || 6.5 | 0.60 | | 0.10 
Esch. coli | Ann Arbor 1.1 | 0.20 | 0.07 || 1.00} 0.50 | 0.10 | 12 0.20 | 0.07 
| tap water | | | | 
Esch. coli | 200 ppm. | 9.5 | 0.90 | trace | | 12.00} 3.30 | 0.12 ! | 
peptone | 
Esch. coli | 400 ppm. | 15.2 | 2.00 | 0.05 | 20.00 4.50 | 0.15 || 13.0 | 3.00 00 
peptone ||| | 
Natural | Activated 1.9 | 0.40 | 0.10 1.00 | 0.20 | 0.10 || 1.5 | 0.25 0.10 
sludge effluent | | | 
Natural | Settled raw 19.0 | 1.00 | trace | 10.00 | trace | trace || 20.3 | 0.15 | trace 
Esch. coli | Distilled water | 0.8 | 0.10 | 0.05 | 0.50 | 0.10 | 1.1 | 0.20 | 0. 


. Chlorine to chlorine dioxide in 1:9 ratio. 


This is illustrated in comparative form 
in Table 2, which shows the amount 
of chlorine dioxide, chlorine and the 
mixture of the two solutions required 
for bacterial kill. With no organic 
matter present, except that contained 
in the suspension, an application of 0.8 
ppm. of the chlorine dioxide gave dis- 
infection. The maximum initial dose 
required for raw settled sewage was 
19 ppm. In comparison, the dosage re- 
quired for chlorine was 10.0 ppm. In 


OTA residuals obtained from chlo 
rine dioxide are as effective in disin 
fection as those obtained from chlorine 
In fact, lesser amounts, in general, 0 
OTA residual were required fro 
chlorine dioxide than from chlorin 
for an equal kill. The OTA residual 
required to give kills with chlori 
dioxide varied between 0.05 and 0 
ppm., whereas 0.1 to 0.15 ppm. wer 
required for chlorine. The average 0 
all samples gave a required OTA re 
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TABLE 3 


Effects of Various pH Values Upon the Bactericidal Activity of 


Chlorine Dioxide and Chlorine in Different Media 


| 
pH 6 pH 8 pH 10 
Residuals Residuals | | Residuals | 
Weight || Weight |_ || Weight | 
Applied Growth || Applied Growth Applied l Growth 
ppm. (OT) (OTA) } ppm. (OT) (OTA) | ppm. (OT) (OTA) | 
ppm. ppm. 1 | ppm. ppm. \ | Pom. | ppm. | 
| 
Chlorine Dioxide in River Water 
0.4 | 0.05 | 0 | ++ | 0.4 | 0.10 | 0 ++ || 0.4 | 0.10 | 0 | desde 
0.6 0.07 | | ++ | 64 | -- 0.6 | 0.12} 0 | ++ 
08 | ++ || 08 | 0.15 || 08 | 0.12 
| 1.0 | 0.15 | 0 10 |015|0 | 
1.1 0.10 | trace | —— 0.20 | 0 0 
1.5 | 0.15 | 0.07 | -- } 1.5 0.20 | 0 -— LS | 0.17 | trace | —— 


0.05 |} ++ |} 1.0 | 0.15 | 
08 |0.10|0 | ++ || 20 | 0.25 


10 | 0.15 | trace} —— || 3.0 | 0.30 
12 0.25 | trace| —— | 4.0 | 0.40 


08 “0.00 | 
15 | 0 0.00 | ++ || 19 | O1 | 
23 0.05 | 0.00 | —— || 2.9 | 04 
3.0 0.30 0.10 | | 3.8 | 08 
38 | 0.70} 03 | || 48 | 1.0 

Chlorine in 50 ppm. 
0.5 0.10 | 0 ++ 1.0 | 0.2 
10 © 0.35 | 0 ++ || 15 | 0.7 
1.5 | 0.70 | 0.05 | ++ || 2.0 | 1.0 
20 | 1.20 | 0.07 | +— |} 2.5 | 1.2 
25 | 1.50 | 0.08 | —— || 3.0 | 1.5 
30 | 2.00 | 0.10 | —— || 3.5 | 2.0 


| 
| 
| 


sidual of less than 0.06 ppm. for chlo- 
tine dioxide and 0.12 ppm. for chlo- 
rine. The mixture of the chlorine and 
chlorine dioxide gave intermediate 
results. 

The influence of hydrogen ion con- 
centration on the bactericidal proper- 
tes of chlorine dioxide is given in 


Chlorine in River Water 


0.10 | -— 4.0 | 1.0 | 0.60 | —— 
0.10} -- §.0 | 1.5 | 080 | 


0 | ++ | | 
o | ++ 2.3 | 0.2 | 0 ++ 
0.05 | 30 |03 |o | 
0.20 | —— 3.8 | 0.4 | 0.05 | 
46 105 | 0.10) 
Peptone Solution 
0 | ++ || 5.0 | 2.5 | 0.1 + -+ 
o | ++ 6.0 | 3.0 | 01 | ++ 
trace | ++ 7.0 | 3.5 | 0.15 | ++ 
10.05 | --— || 80 | 35 | 0.15 | -- 
—— | ae Par 
| o10 | |} 100° | 40 


Tables 3 and 4, showing results on a 
contaminated natural water low in 
organic matter, and on an artificially 
contaminated water containing 50 ppm. 
of peptones, each adjusted to pH val- 
ues of 6, 8 and 10. These data show 
that the bactericidal efficiency of chlo- 
rine dioxide was only slightly affected 
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M. 


by the lower hydrogen ion concentra- 
tions (higher pH values). In the nat- 
ural waters an application of 1.0 ppm. 
of chlorine dioxide by weight gave 
complete kill at pH 6.0, 0.6 ppm. in- 
itial dosage at pH 8.0, and 0.8 ppm. 
at pH 10.0. The peptone water re- 


quired 2.3 ppm. at pH 6.0, 2.9 ppm. at 
pH 8.0, and 3.0 ppm. at pH 10.0; a 
slight increase in dosage being re- 
quired at the higher pH. It was note- 
worthy, however, that the dosage re- 
quired at pH 10.0, compared to that 
at pH 6.0, although only slightly 
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waters. In waters of lesser pollution 
even less residual was required for the 
same contact period. The OTA resi¢. 
uals required from chlorine were as 
great or slightly greater. On the basis 
of relative weights of the two gases 
more or less chlorine dioxide was re. 
quired than chlorine for equal OTA 
residuals, depending on the amount 
type and concentration of organic mat. 
ter present. For example, with chlo 
rine dioxide doses of 1.9 times the 
chlorine, kills were almost identical op 
all waters that had not been artificially 


greater for chlorine dioxide, was two contaminated. On _ waters heavily 
TABLE 4 
Summary of Effect of pH on Required Bactericidal Concentrations 
of Chlorine Dioxide and Chlorine 
| pH 6 | pH 8 pH 10 
siinatien Disin- || Residual | Residual Residual 
Applied| 
| Pem. | (OT) | (OTA) pom. | (OT) | (OTA) || | (OT) | (OTA) 
| ppm. | ppm. | ppm.| ppm. | ppm. | ppm. 
River water clo. | 1.0 |0.10! 0 0.6 (0.10 0 | 08 0.1) 0 
River water Cl | 1.0 0.15 | trace |) 2.0 | 0.25) 0.05 3.0 | 0.6 | 0.10 
Peptone solution* ClO, | 2.3 | 0.05) 0 | 2.9 | 0.40 | 0.05 || 3.0 | 0.3 | 0 
Peptone solution* | Cl 2.5 | 1.50) 0.08 2:5 11:20) O65 8.0 3.5 | 0.15 


* 50 ppm. 


to three times as great for chlorine in 
both river and peptone waters. 


Discussion 


Bactericidal Properties of Chlorine 
Dioxide 


These investigations indicate that 
chlorine dioxide is an effective bac- 
tericidal material for disinfection of 
contaminated waters, equal to chlorine 
on the basis of OTA residuals after 
30 minutes’ contact. In general, 0.1 
ppm. of OTA residual from chlorine 
dioxide for 30 minutes seems to be 
adequate for the more heavily polluted 


dosed with artificial organic matter 
(peptone), less chlorine was required 
in the form of chlorine dioxide than 
as elemental chlorine. 


Effect of pH on Bactericidal E fficiency 
of Chlorine Dioxide 

An important property of chlorine 
dioxide in disinfection is shown by 
failure of pH to affect materially the 
bactericidal efficiency, as illustrated in 
Table 4. This characteristic is in 
marked contrast to the well-known ef- 
fect of pH on the efficacy of chlorine. 
Whereas the disinfecting efficiency of 
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chlorine decreases as the pH rises, 
chlorine dioxide disinfection is rela- 
tively unchanged. The reason for this 
difference appears to lie in the differ- 
ences in the degree of hydrolysis of 
chlorine and chlorine dioxide. Chlo- 
rine hydrolyzes readily to form hypo- 
chlorous acid and hydrochloric acid. 
At higher pH values alkaline hypo- 
chlorites are formed, thus reducing 
the hypochlorous acid concentration. 
Chlorine dioxide, on the other hand, 
hydrolyzes to a limited extent only, and 
the effect of the hydrogen ion is, there- 
fore, of relatively minor importance. 

This greater—and  stable—killing 
power of chlorine dioxide at higher pH 
(up to pH 10.0 or more) has impor- 
tant potential applications, such as the 
disinfection of highly alkaline waters, 
waters conditioned to high pH to pre- 
yent corrosion, or softening plant ef- 
fluents. 


Conclusions 


From the experimental laboratory, 
evidence obtained from studies on the 
bactericidal properties of chlorine di- 
oxide, in comparison to chlorine, indi- 
cates the following conclusions: 

1. On the basis of ortho-tolidine- 
arsenite (OTA) residuals, the bacteri- 
cidal properties of chlorine dioxide are 
as great as, if not slightly greater than, 
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chlorine. An OTA residual of less 
than 0.1 ppm. was sufficient to disin- 
fect the most heavily polluted water 
used in this investigation. With wa- 
ters not artificially contaminated, less 
chlorine than chlorine dioxide, by 
weight, was needed to kill. In the 
presence of high concentrations of pep- 
tone, less chlorine dioxide than chlorine 
was required for kill. Mixtures of the 
two gases give intermediate results. 

2. In contrast to chlorine, the bac- 
tericidal efficiency of chlorine dioxide 
is relatively unaffected by pH values 
between 6.0 and 10.0. This would 
indicate important applications in wa- 
ters of high natural alkalinity, those 
treated to prevent corrosion and soft- 
ened waters. 
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Epitor’s Note. The research work done by the authors is highly important, 
for the effect of chlorine dioxide upon the rate of disinfection has a bearing upon 
its broad applicability for water treatment. 

Certain details of the work need further study. If the OTA determinations 


were carried out at 75°F., as implied by the authors, the results may need re- 
inspection, for it is now known that OTA determinations become less accurate 
if made at temperatures above 60-70°F. As rapid advances in the understand- 
ing of the process of free residual chlorination have been made since this study 
was carried out, it 1s hoped that the authors or others will re-examine the ques- 
tions which the authors set out to answer. 
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Analysis of Pipe Flow Formulas in Terms of — 
the Darcy Function f 


By Leo Hudson 


A contribution to the Journal by Leo Hudson, Hydraulic Engr., Sykes- 


ville, Md. 


T is believed that this analysis of 
pipe flow formulas justifies the 
establishment of the Williams-Hazen 
formula for general use in the design 
of water pipelines in terms of the 
proper values of f in the Darcy 
formula. The main tables (Table 1) 
give the values of f comparable to the 
Williams-Hazen C coefficients. Thus 
the objections to the Williams-Hazen 
formula are largely removed, but the 
advantages of these well-known coeffi- 
cients are retained. 

The dimensional coefficients C are 
translated to the dimensionless coeffi- 
cients f, thereby facilitating the direct 
account of the effect of pipe roughness. 
The complicated Williams-Hazen for- 
mula is reduced to the more simple 
form of the Darcy formula to give the 
same results. 

Table 1 gives the values of f and 
the friction head loss per 100 ft. of 
4- to 144-in. pipe with equivalent C 
values of 100, 110, 120, 130, 140 and 
150 for mean velocities of 1, 2, 3, 4, 5 
and 6 fps., as well as comparable 
values of m in the Manning and Kutter 
formulas. Table 2 gives the con- 
version factors for the friction loss 
per 100 ft. of pipe and for f compar- 
able to values of C from 40 to 160. 
The data relate the Williams-Hazen 
formula to the Reynolds parameter R. 
Figure 1 seems to justify the conclu- 
sion that, for pipeline designing, the 


Manning, Kutter and Fanning for- 
mulas are misapplied and should be 
abandoned. 

It is true that the values of f listed 
do not take into consideration the 
temperature of the water, but they 
are comparable to a temperature of 
50°F. Variations in the temperature 
will be overcome by practical con- 
siderations, and the designing engi- 
neer will seldom have to notice water 
temperature in ordinary transmission 
and distribution system pipelines. 
At such times as they might be signi- 
ficant, reference may be made to 
Fig. 2. This statement does not 
apply to pipelines for more viscous 
liquids, for which the Reynolds pa- 
rameter is essential. 

This analysis is not immediately 
concerned with the application of C 
to different kinds of pipe and different 
qualities of water, for most engineers 
have well-formed opinions of the 
application of such coefficients. A 
study of Fig. 1, however, may be of 
interest for this application. 

It is hoped that this analysis will 
aid engineers generally in reaching a 
consistent standard which will enable 
them to use a common language for 
pipeline problems. If it does not, 
however, it will at least furnish a 
basis for a ready comparison. 

Finally, what is done here is to give 
a table of f values to be used in the 
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PIPE FLOW 


parcy formula, varied according to 
¢ in the Williams-Hazen formula. 
These values of f used in connection 
yith the Reynolds number provide a 
parameter by which k may be meas- 
yred in feet. The semi-empirical 
equation by Colebrook is asymptotic 
0 both smooth pipe and rough pipe 
equations. This is the basis for Fig. 2. 


Analysis of Formulas 


The Chezy Formula: 


was evolved in 1775 and is a purely 
empirical formula (see ‘‘List of Sym- 
hols” at end of paper). It was orig- 
inally intended for open channels but 
was afterward used for pipelines, 


- | gravity lines flowing partially full and 


pipelines flowing full under pressure. 
This formula is of the exponential 
type and may be expressed as: 


(2) 


The present-day objection to all for- 
mulas of the exponential type is that 
Cis a discharge coefficient rather than 
a resistance coefficient. As it bears 
areciprocal relationship to f: 


Cis obviously not dimensionless. 

In 1857 Darcy rearranged the 
Chezy formula in terms of the coeffi- 
cient f, which is dimensionless. It is 
easy enough to prove that the two 
arrangements give the same results. 
The Darcy equation is: 


8g 


C2? but this relationship 


in which f = 


is true only when the exponents are 
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the same as they are in the Chezy 
formula and is not to be assumed for 
all exponential formulas. 

In 1869 Kutter devised an expres- 
sion for C intended originally for open 
channels, but this coefficient has been 
extensively used for pipelines flowing 
partially full (which are open channels 
in one sense of the word) and generally 
used for gravity lines and sewers. 
The Kutter coefficient is: 

1.811 0.00281 


41.65 + 
n 


C= (4) 
n 0.00281 
41.65 + —— 


This is a complicated expression, but 
it is easily solved by assuming or 
determining the values for s. The 
coefficient is the same for all slopes 
when R = 3.28 ft., or 1 m. Above a 
1 per cent grade, C remains prac- 
tically constant for any one size pipe 
and for any one value of m. For all 
practical purposes, and for pipe up to 
20 ft. in diameter and grades greater 
than 0.05 per cent, the equation may 
be written: 


For reasons given further on, the 
Chezy formula in terms of the Kutter 
C is considered a misapplication for 
pipelines under any conditions and as 
such is abandoned (Fig. 1). 

In 1890 Manning evolved a simpli- 
fied form for the Kutter formula and 
recommended it for pipelines as well 
as open channels, The Manning for- 
mula is: 


V = — Rist, ......(6) 
n 


It is frequently stated that the ‘“n” 
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in the Manning formula (Eq. 6) is the 
same as the ‘‘n”’ in the Kutter formula 
(Eq. 4), but this is not so, although 
they are nearly the same. The 1.486 
factor is merely the cube root of one 
meter (3.28 ft.), and for accuracy in 
chain calculations should be expressed 
gs 1.4862. The Manning formula 
(Eq. 6) gives an expression for the 
true C in the Chezy formula, however, 
when it is expressed : 


1.4862 


= R'VRs..... (7) 
The coefficient then is equal to 
2 
= R', which bears a relation to f 
n 


8 
in the expression f = 7 


The Manning formula may be used 
in developing the relation of C to f 
and, solving in terms of s: 


1 
= | 045273450 .(8) 


In 1905 the Williams-Hazen_for- 
mula was evolved, going back to the 
exponential form: 


V = (9) 


The constant 0.001~-°* is equal to 
1.318256. Solving for s: 
852 

s = 0.599484 ..(10) 
and s X 100 = Hy, or friction head 
loss per 100 ft. of pipe. Hy for 100 ft. 
of pipe is used because, for gravity 
lines and sewers, the value of H; is 
equal to the required percentage of 
grade. 

It is often desired to know what 
value of m in the Manning formula 
should be assumed to arrive at the 
comparable C in the Williams-Hazen 
formula. Substituting the value of s 
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in the Manning formula (Eq. 6) for 
the value of s in the Williams-Hazen 
formula (Eq. 9) and solving for n: 
0.09 
R'-% 
118 (11) 


[71.08 071.08 


By the above equation, the compa- 
rable values of m were calculated and 
are shown in Table 1. The value of 
n for any one velocity and any one 
size pipe is inversely proportional to 
the has power of C. 

Many other exponential formulas 
have been evolved, but of all the 
Williams-Hazen formula is most ex- 
tensively used by engineers. The 
Scobey formulas have much merit, 
and one takes into consideration the 
temperature of the water. The ulti- 
mate purpose of this analysis is to 
select the one formula now in most 
general use, reduce it to the Darcy 
form in terms of the dimensionless f 
and relate the values of f to the R-f 
formula best suited for that purpose. 


Reynolds Number Parameter 


VD 


The Reynolds number R = = 


where V is the mean velocity of the 
flow in feet per second, D is the inter- 
nal diameter of the pipe in feet and v 
is the coefficient of kinematic viscosity 
of the fluid in square feet per second. 
The coefficient f in the Darcy formula 
is a dimensionless quantity, and, at 
ordinary velocities, is a function of 
two other dimensionless quantities: 
the relative roughness of the pipeline 
surface and the Reynolds number R. 
The kinematic viscosity depends upon 
the temperature of the fluid. During 
the last twenty years great progress 
has been made in the study of fluid 
flows in terms of the viscosity of the 
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TABLE 1 
st = 0.0155 ft. Area A (sq.ft.) = Q (cfs.) 
V-1 fps. 
H, = friction loss per 100 ft. mgd. X 694.4 (700) = gpm, 
in. || | | | | | 
p{® || 100 110 120 130 | 140 «| 180 || 
4 || Hy | 0.2144 | 0.1797 | 0.1529 | 0.1319 | 0.1149 | 0.1020 | 0.087 
0.333 || n | 0.0132 | 0.0120 | 0.0111 | 0.0103 | 0.0096 | 0.0090 | 0.0562 
| f | 0.0461 | 0.0386 | 0.0329 | 0.0283 | 0.0247 | 0.0218 
6 || Hy | 0.1339 | 0.1122 | 0.0955 |. 0.0823 | 0.0718 | 0.0632 | 0.196 
0.500 0.0136 0.0125 0.0115 | 0.0107 | 0.0100 | 0.0094 0.1267 
| ff 0.0432 | 0.0362 | 0.0308 | 0.0266 | 0.0232 | 0.0204 | 
H, | 0.0956 0.0801 | 0.0682 | 0.0588 0.0512 | 0.0451 0.349 
0.667 n | 0.0139 0.0128 | 0.0118 | 0.0109 | 0.0102 | 0.0096 || 0.2256 
f | 0.0411 | 0.0344 | 0.0293 | 0.0253 | 0.0220 | 0.0194 | 
10 | Hy | 0.0737 0.0618 | 0.0525 | 0.0453 | 0.0395 | 0.0348 | 0.545 
0.833 n | 0.0142 | 0.0130 | 0.0120 | 0.0111 | 0.0104 | 0,0098 | 0.3522 
f | 0.0396 | 0.0332 | 0.0282 | 0.0244 | 0.0212 | 0.0187 | 
12. | Hy | 0.0594 | 0.0498 | 0.0424 | 0.0365 | 0.0318 | 0.0280 | 0.785 
1.000 0.0144 0.0132 | 0.0122 | 0.0113 | 0.0106 | 0.0099 || 0.5074 
| f | 0.0383 | 0.0321 | 0.0273 | 0.0236 | 0.0205 | 0.0181 
14 || H, | 0.0497 | 0.0416 | 0.0354 | 0.0306 | 0.0266 | 0.0235 | 1.069 
1.167 || m | 0.0146 | 0.0134 | 0.0123 | 0.0115 | 0.0107 | 0.0100 || 0.6910 
f | 0.0374 | 0.0313 | 0.0267 | 0.0230 | 0.0200 | 0.0177 || 
Is |) Hy, | 0.0459 | 0.0385 | 0.0327 | 0.0282 | 0.0246 | 0.0217 | 1.227 
1.250 || m 0.0147 | 0.0134 | 0.0124 | 0.0115 | 0.0108 | 0.0101 || 0.7930 
| f 0.0370 | 0.0310 | 0.0264 | 0.0228 | 0.0198 | 0.0175 |, 
16 || Hy | 0.0426 | 0.0357 | 0.0304 | 0.0262 | 0.0228 | 0.0201 } 1.396 
1.333 || 0.0148 0.0135 | 0.0125 | 0.0116 | 0.0108 | 0.0101 |, 0.9023 
f 0.0366 | 0.0307 | 0.0261 | 0.0225 | 0.0196 | 0.0173 | 
18 || Hy | 0.0371 | 0.0311 | 0.0265 | 0.0228 | 0.0199 | 0.0175 | 1.767 
1.500 | » | 0.0149 | 0.0137 | 0.0126 | 0.0117 | 0.0109 | 0.0102 | 1.1420 
| f | 0.0359 | 0.0301 | 0.0256 | 0.0221 | 0.0192 | 0.0169 | 
20 || Hy | 0.0327 | 0.0274 | 0.0233 | 0.0201 | 0.0175 | 0.0154 || 2.182 
1.667 | m | 0.0150 | 0.0138 | 0.0127 | 0.0118 | 0.0110 | 0.0103 | 1.4103 
‘| f | 0.0352 | 0.0295 | 0.0251 | 0.0216 | 0.0189 | 0.0166 || 
22. (|| ‘Hy | 0.0294 | 0.0246 | 0.0210 | 0.0181 | 0.0158 | 0.0139 || 2.630 
1.833 || 0.0152 | 0.0139 | 0.0128 | 0.0119 | 0.0111 | 0.0104 || 1.6998 
| f | 0.0347 | 0.0291 | 0.0247 | 0.0213 | 0.0186 | 0.0164 || 
| 
24 | «Hy | 0.0267 | 0.0224 | 0.0190 | 0.0164 | 0.0143 | 0.0126 || 3.142 
2.000 || » | 0.0153 | 0.0140 | 0.0129 | 0.0120 | 0.0112 | 0.0105 || 2.0307 
| f 0.0342 | 0.0286 | 0.0244 | 0.0210 | 0.0183 | 0.0161 
|| 100 110 120 130 140 || OF 
if || © | mgd 
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Q (cfs.) 
Area A (sq.ft.) = 
V 1 rea A (sq.ft.) V (fps.) 
s per 100 ft. mgd. X 694.4 (700) = gpm. 
Cw 100 110 120 | 130 | 140 150 ee 
w-8 Q mgd. 
H, | 0.0233 | 0.0195 | 0.0166 | 0.0143 | 0.0125 | 0.0110 || 3.976 
n 0.0154 | 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 || 2.5698 
f 0.0338 | 0.0283 | 0.0241 | 0.0208 | 0.0181 | 0.0160 
H, 0.0205 | 0.0172 | 0.0146 | 0.0126 | 0.0110 0.0097 || 4.909 
n 0.0156 | 0.0142 | 0.0131 | 0.0122 | 0.0114 | 0.0107 || 3.1728 
f 0.0330 | 0.0277 | 0.0235 | 0.0203 | 0.0177 | 0.0156 || 
H, | 0.0183 | 0.0153 | 0.0130 | 0.0113 | 0.0098 | 0.0086 | 5.940 
n 0.0157 | 0.0144 | 0.0132 | 0.0123 | 0.0115 | 0.0108 || 3.8391 
f 0.0324 | 0.0272 | 0.0231 | 0.0199 | 0.0174 | 0.0153 
H, | 0.0166 | 0.0139 0.0118 | 0.0102 | 0.0089 | 0.0078 | 7.069 
n 0.0158 | 0.0145 | 0.0133 | 0.0124 | 0.0116 | 0.0109 || 4.5688 
f 0.0321 | 0.0269 | 0.0229 | 0.0197 | 0.0172 | 0.0152 | 
H, | 0.0146 | 0.0122 “0.0104 | 0.0090 | 0.0078 | 0.0069 | 8.727 
n 0.0159 | 0.0146 | 0.0135 | 0.0125 | 0.0117 | 0.0110 || 5.4465 
f 0.0315 | 0.0264 | 0.0225 | 0.0194 | 0.0169 | 0.0149 | 
H, | 0.0138 | 0.0116 | 0.0098 a 0.0085 | 0.0074 | 0.0065 || 9.621 
n | 0.0160 | 0.0146 | 0.0135 | 0.0125 | 0.0117 | 0.0110 | 6.2182 
f | 0.0312 | 0.0261 | 0.0222 | 0.0192 | 0.0167 | 0.0147 || 
H, | 0.0130 | 0.0109 ~ 0.0093 | 0.0080 | 0.0070 | 0.0061 || 10.524 
n 0.0161 | 0.0147 | 0.0136 | 0.0126 | 0.0118 | 0.0110 || 6.8018 
f 0.0309 | 0.0259 | 0.0220 | 0.0190 | 0.0166 | 0.0146 | 
H, | 0.0118 | 0.0099 ~ 0.0084 | 0.0073 | 0.0063 | 0.0056 || 12.566 
n 0.0162 | 0.0148 | 0.0137 | 0.0127 | 0.0118 | 0.0111 |) 8.122 
f 0.0305 | 0.0256 | 0.0217 | 0.0188 | 0.0163 | 0.0144 | 
H, | 0.0103 | 0.0086 | 0.0073 0.0063 | 0.0055 | 0.0049 || 15.904 
n 0.0164 | 0.0150 | 0.0138 | 0.0128 | 0.0120 | 0.0112 || 10.279 
f 0.0300 | 0.0251 | 0.0214 | 0.0185 | 0.0161 | 0.0142 || 
H, | 0.0092 | 0.0077 | 0.0066 0.0057 | 0.0049 | 0.0043 || 19.635 
n 0.0165 | 0.0151 | 0.0139 | 0.0129 | 0.0121 | 0.0113 || 12.690 
f 0.0294 | 0.0246 | 0.0210 | 0.0181 | 0.0158 | 0.0139 | 
H, | 0.0082 | 0.0068 | 0.0058 | 0.0050 | 0.0044 | 0.0039 || 23.758 
n 0.0166 | 0.0152 | 0.0140 | 0.0130 | 0.0122 | 0.0114 || 15.355 
f 0.0289 | 0.0242 | 0.0206 | 0.0178 | 0.0155 | 0.0136 | 
H, | 0.0074 | 0.0062 | 0.0053 | 0.0046 | 0.0040 | 0.0035 || 28.274 
n 0.0167 | 0.0153 | 0.0141 | 0.0131 | 0.0123 | 0.0115 || 18.274 
f 0.0285 | 0.0239 | 0.0203 | 0.0175 | 0.0153 | 0.0135 || 
\|  fefs. 
Cw-n| 100 110 120 130 140 
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TABLE 1 (contd. ) 


— 
5, = 0.0155 ft. Area A (sq.ft.) = Q (cls, yp 
ae V=1 fps. V (fps) 
Hy =m friction loss per 100 ft. mgd. X 694.4 (700) = gpm, Z 
jin. cfs 
|| Cw-H| 100 110 120 130 | 140 | 150 || 
ft. | | | 
78 || Hy | 0.0067 | 0.0056 | 0.0048 | 0.0041 | 0.0036 | 0.0032 || 33.183), 
6.500 || 0.0168 | 0.0154 | 0.0142 | 0.0132 | 0.0123 | 0.0116 | 2147) 4 
|_f | 9.0280 | 0.0235 | 0.0200 | 0.0172 | 0.0150 | 0.0132 | 03 
84 | Hy; | 0.0061 0. 0.0051 | 0.0043 | 0.0038 0.0033 | 0.0029 38.485, 
7.000 | nm 0.0169 | 0.0155 | 0.0143 | 0.0133 | 0.0124 | 0.0117 || 248m) 
| ff 0.0278 | 0.0233 | 0.0198 | 0.0171 | 0.0149 | 0.0131 || 0.5 
90 || Hy | 0.0057 | 0.0048 0.0041 | 0.0035 | 0.0031 | 0.0027 || 44.1799 7 
7.500 n | 0.0170 | 0.0156 | 0.0144 | 0.0134 | 0.0125 | 0.0117 | 28st 8 
f | 0.0275 | 0.0230 | 0.0196 | 0.0169 | 0.0147 0.0130 | ae 
96 ! H, | 0.0053 | 0.0044 | 0.0038 | 0.0033 | 0.0028 0.0025 50.265} 4¢ 
8.000 | nm 0.0172 | 0.0157 | 0.0145 | 0.0135 | 0.0126 | 0.0118 || 32.487 18, 
| f 0.0273 | 0.0229 | 0.0195 | 0.0168 | 0.0146 | 0.0129 | ae 
102 | Hy 0.0049 | 0.0041 | 0.0035 | 0.0030 | 0.0026 0.0023 | 56.745 p 
8.500 || 0.0172 | 0.0158 0.0146 | 0.0135 | 0.0126 | 0.0)18 36.675) 
| f 0.0269 | 0.0225 | 0.0192 | 0.0165 | 0.0144 | 0.0127 | ' 
108 = Hy | 0.0046 | 0.0039 | 0.0033 | 0.0028 | 0.0025 | 0. 0022 | 63.617 Hee 
9.000 || 0.0173 | 0.0159 | 0.0146 | 0.0136 | 0.0127 | 0.0119 |) 41.417 44 
| f 0.0267 | 0.0224 | 0.0190 | 0.0164 | 0.0143 | 0.0126 
114. || Hy | 0.0043 | 0.0036 | 0.0031 | 0.0027 0.0023 | 0.0020 70.882 as 
9.500 || m 0.0174 | 0.0159 | 0.0147 | 0.0136 | 0.0127 | 0.0119 || 45.812} 196 
| f 0.0264 | 0.0221 | 0.0188 | 0.0163 | 0.0142 | 0.0125 - 
120 | Hy | 0.0041 | 0.0034 | 0.0029 | 0.0025 | 0.0022 | 0.0019 78,540 per 
10.000 n 0.0175 | 0.0160 | 0.0147 | 0.0137 | 0.0128 | 0.0120 50.76), 33 
| J 0.0262 | 0.0220 | 0.0187 | 0.0161 | 0.0140 | 0.0124 - 
126 | H; | 0.0039 | 0.0032 | 0.0028 | 0.0024 | 0.0021 0.0018 | 86.5%} jg 
10.500 || 0.0175 | 0.0161 | 0.0148 | 0.0138 | 0.0128 0.0120 55.965} 1 <0 
| f 0.0260 | 0.0218 | 0.0185 | 0.0160 | 0.0139 | 0.0123 | 2 
132 | Hy, | 0.0036 | 0.0030 | 0.0026 | 0.0022 | 0.0020 | 0.0017 || 95.033 29 
11.000 || nm 0.0176 | 0.0161 | 0.0149 | 0.0138 | 0.0129 | 0.0121 || 61.421) 5. 
| f 0.0257 | 0.0215 | 0.0183 | 0.0158 | 0.0138 0.0121 | wat 
138 | H, | 0.0035 | 0.0029 | 0.0025 | 0.0021 | 0.0019 | 0.0016 || 103.80) 4, 
11.500 || 0.0177 | 0.0162 | 0.0149 0.0139 | 0.0129 0.0121 67.13} 
| f 0.0256 | 0.0214 | 0.0182 | 0.0157 | 0.0137 0.0120 = 
144 || Hy | 0.0033 | 0.0028 | 0.0023 | 0.0020 | 0.0018 0.0015 |) 113.091) 
12.000 || 0.0177 | 0.0162 | 0.0150 | 0.0139 | 0.0130 | 0.0122 || 73.10} 4 ip, 
| f 0.0254 | 0.0213 | 0.0181 | 0.0156 | 0.0136 | 0.0119 ” 
|| Cw- 100 110 120 130 140 150 in. 


| 


= friction loss per 100 ft. 
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PIPE FLOW FORMULAS 


TABLE 1 (contd.) 


Area A (sq.ft.) = Q (cfs. 
V = 2 fps. V (fps.) 
med. x 694.4 (700) = gpm. 
| cfs. 
0.7763 | 0.6505 | 0.5535 | 0.4774 | 0.4161 | 0.3664 | 0.174 
0.0125 | 0.0114 | 0.0106 | 0.0098 | 0.0091 | 0.0086 | 0.1124 
0.0416 | 0.0349 | 0.0297 | 0.0256 | 0.0223 | 0.0196 | 
0.4839 0.4055 | 0.3450 | 0.2976 | 0.2594 | 0.2284 || 0.392 
0.0129 0.0118 | 0.0109 0.0101 | 0.0095 | 0.0089 | 0.2534 
0.0389 | 0.0326 | 0.0277 | 0.0239 | 0.0209 | 0.0184 | 
0.3461 | 0.2900 0.2468 | 0.2129 | 0.1855 | 0.1634 | 0.698 
0.0132 0.0121 0.0112 | 0.0104 | 0.0097 | 0.0091 || 0.4512 
0.0371 | 0.0311 | 0.0265 | 0.0228 | 0.0199 | 0.0175 | 
0.2665 | 0.2233 0.1900 0.1639 | 0.1428 | 0.1258 || 1.090 
0.0135 | 0.0123 0.0114 | 0.0106 | 0.0099 | 0.0093 || 0.7044 
0.0357 | 0.0299 0.0254 | 0.0220 | 0.0191 | 0.0169 | 
52182 | 01803 | 01534 | 0.1323 | 0.1153 | o.1016 || 1.370 
0.0137 | 0.0125 | 0.0116 0.0107 | 0.0100 | 0.0094 | 1.0148 
0.0346 | 0.0290 | 0.0247 | 0.0213 | 0.0185 | 0.0163 | 
01796 | 0.1505 | 0.1281 | 0.1105 | 0.0963 | 0.0848 || 2.138 
0.0139 | 0.0127 | 0.0117 | 0.0109 | 0.0102 | 0.0095 | 1.3820 
0.0337 | 0.0282 | 0.0240 | 0.0207 | 0.0181 | 0.0159 | 
0.1662 | 0.1393 | 0.1185 | 0.1022 | 0.0891 | 0.0784 || 2.454 
0.0139 0.0128 | 0.0118 | 0.0109 | 0.0102 | 0.0096 1.5860 
0.0334 | 0.0280 | 0.0238 | 0.0205 0.0179 | 0.0158 |, 
0.1543 | 0.1293 | 0.1100 | 0.0949 | 0.0827 | 0.0728 || 2.792 
6.0140 | 0.0128 | 0.0118 | 0.0110 | 0.0103 | 0.0096 || 1.8046 
0.0330 | 0.0277 | 0.0235 | 0.0203 | 0.0177 | 0.0156 || 
0.1344 0.1126 | 0.0958 | 0.0827 |. 0.0720 | 0.0634 || 3.534 
| | | 
0.0142 0.0129 | 0.0119 | 0.0111 | 0.0104 | 0.0097 || 2.2840 
0.0324 | 0.0272 | 0.0231 | 0.0199 | 0.0174 | 0.0153 
0.1187 0.0995 | 0.0846 | 0.0730 | 0.0636 | 0.0560 || 4.364 
0.0143 0.0131 | 0.0120 | 0.0112 | 0.0105 | 0.0098 || 2.8206 
0.0318 0.0266 | 0.0227 | 0.0196 | 0.0170 | 0.0150 | 
0.1064 | 0.0892 | 0.0759 | 0.0654 0.0570 | 0.0502 || 5.260 
0.0144 0.0132 | 0.0121 | 0.0113 0.0105 | 0.0099 || 3.3996 
0.0313 ; 0.0262 | 0.0223 0.0192 | 0.0168 | 0.0148 
0.0961 0.0805 0.0685 0.0591 0.0515 | 0.0454 || 6.284 
0.0145 | 0.0133 | 0.0122 | 0.0114 0.0106 | 0.0100 || 4.0614 
0.0309 | 0.0259 | 0.0220 0.0190 | 0.0166 | 0.0146 
100 110 120 || «40 | 150 || 
| \mgd. 


(cfs) 
“f 
cfs. 
‘in. 
3183) 4 
4.19} 
8.554 9.667 3 
50.2651 49 
2487 | 833 
12 
36.675 1.000 
63.617 * 
14 
167 
70.888 ae 
45.812} 1 959 
78.5401 
16 
133 
86.590 
18 
55.965) 1500 
1.667 
103.86 
22 
67.132} 933 
113.07} 
24 
73.100} 000 
cs. | 
Of oft 


(ch 
= 0.0622 ft. Area A (sq.ft.) = =< 
2s V = 2 fps. V (ips 
II; = friction loss per 100 ft. mgd. X 694.4 (700) = gpm 
lin, || | | els 
100 110 120 | | 140° | || 
27 H; | 0.0840 | 0,0704 | 0.0599 | 0.0517 | 0.0450 | 0.0396 7.95) 
2.250 n | 0.0146 | 0.0134 | 0.0124 | 0.0115 | 0.0107 | 0.0101 5.139% 
f 0.0304 | 0.0255 | 0.0217 | 0.0187 | 0.0163 | 0.0143 
30 H, | 0.0739 | 0,0619 | 0.0527 | 0.0454 | 0.0396 | 0.0349 | 9.818 
2.509 n | 0.0148 0.0135 | 0.0125 | 0.0116 | 0.0108 | 0.0101 6.3456 
f | 0.0297 | 0.0249 | 0.0212 | 0.0183 | 0.0159 | 0.0140 
33 H, | 0.0661 | 0.0554 | 0.0471 | 0.0407 | 0.0354 | 0.0312 11.889 
2.750 » | 0.0149 | 0.0136 | 0.0126 | 0.0117 | 0.0109 | 0.0102 || 767% 
f 0.0292 | 0.0245 | 0.0208 | 0.0180 | 0.0158 0.0138 
36 H, | 0.0397 | 0.0500 | 0.0426 | 0.0367 | 0.0320 | 0.0282 | 14.138 
3.000 n 0.0150 | 0.0137 | 0.0127 | 0.0118 | 0.0110 | 0.0103 || 9.13% 
f 0.0288 | 0.0241 | 0.0205 | 0.0177 | 0.0154 | 0.0136 
40 H, | 0.0528 | 0.0442 | 0.0376 | 0.0325 | 0.0283 | 0.0249 || 17.454 
3.333 n 0.0151 | 0.0138 | 0.0128 | 0.0119 | 0.0111 | 0.0104 | 10,893 
f 0.0283 | 0.0237 | 0.0202 | 0.0174 | 0.0152 | 0.0134 
42 H, | 0.0499 | 0.0418 | 0.0356 | 0.0307 | 0.0267 | 0.0236 | 19,242 
3.500 n 0.0152 0.0139 | 0.0128 | 0.0119 | 0.0111 | 0.0104 | 12.4364 
f | 0.0281 0.0235 | 0.0200 | 0.0173 | 0.0151 | 0.0133 
44 H, 0.0473 0.0396 | 0.0337 | 0.0291 | 0.0254 | 0.0223 21.048 
3.670 n 0.0153 0.0140 | 0.0129 | 0.0120 | 0.0112 | 0.0105 13.604 
f | 0.0279 0.0234 | 0.0199 | 0.0172 | 0.0150 | 0.0132 
48 H, | 0.0428 | 0.0359 0.0305 | 0.0263 | 0.0229 | 0.0202 || 25.13? 
4.000 n | 0.0154 | 0.0141 0.0130 | 0.0121 | 0.0113 | 0.0106 || 16.243 
f 0.0275 | 0.0230 | 0.0196 | 0.0169 | 0.0147 | 0.0130 
54 H; | 0.0373 0.0313 0.0266 | 0.0229 | 0.0200 | 0.0176 31.808 
4.500 n 0.0156 0.0142 | 0.0131 | 0.0122 | 0.0114 0.0107 || 20.558 
f 0.0270 | 0.0226 | 0.0193 | 0.0166 | 0.0145 | 0.0127 
60 H, | 0.0330 | 0.0277 | 0.0235 | 0.0203 | 0.0177 | 0.0156 | 39.270 
5.009 n 0.0157 | 0.0143 | 0.0132 | 0.0123 | 0.0115 | 0.0108 | 25.381 
f 0.0265 | 0.0222 | 0.0189 | 0.0163 | 0.0142 | 0.0125 
66 Hy | 0.0294 | 0.0246 | 0.0210 | 0.0181 | 0.0158 | 0.0139 |) 47.516 
5.500 n 0.0158 | 0.0144 | 0.0133 | 0.0124 | 0.0115 | 0.0108 | 30.710) 
f 0.0260 | 0.0238 0.0185 | 0.0160 | 0.0139 | 0.0123 
—} — — 
72 H; | 0.0267 | 0.0224 | 0.0190 | 0.0164 | 0.0143 | 0.0126 | 56.548 
6.000 n 0.0159 | 0.0145 | 0.0134 | 0.0125 | 0.0116 | 0.0109 36.548 
f 0.0257 | 0.0215 0.0121 


TABLE 1 (contd.) 
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June 1947 


_ 0.0622 ft. 


PIPE FLOW FORMULAS 


TABLE 1 (contd.) 


Area A (sq.ft.) = * 


0.0117 
0.0135 


med. x6 694. 4 (700) = gpm. 


0.0114 66.366 
0.0110 42.8930 
0.0119 


2g . V = 2 fps. 

Hy = friction loss per 100 ft. 

| 120 130 
| 

—— 
78 0.0202 | 0.0172 0.0148 | 
6.500 0.0146 0.0135 | 0.0125 | 

0.0211 0.0180 0.0155 | 

84 0.0186 | 0.0158 | 0.0137 | 
7.000 0.0147 | 0.0136 | 0.0126 


0.0210 0.0179 0.0154 


0.0176 | 0.0150 0.0129 
0.0148 0.0137 | 0.0127 


0.0177 | 0.0153 | 


0.0119 


0.0118 
0.0134 


0.0113 
0.0119 
0.0133 


| 

0.0160 | 0.0136 | 0.0117 
| 


0.0138 | 0.0128 | 
0.0175 | 0.0151 | 


0.0148 | 0.0126 | 0.0109 
0.0150 | 0.0138 | 0.0128 
0.0203 | 0.0173 


| 


0.0102 


| 
| 
| 


0.0139 0.0118 
0.0151 0.0139 0.0129 
0.0201 0.0171 0.0148 


0.0124 0.0106 
0.0152 0.0140 0.0130 
0.0198 0.0168 


0.0091 


0.0145 | 


0.0089 
0.0120 


0.0102 
0.0119 
0.0131 


0.0095 
0.0120 


0.0149 | 0.0130 | 


0.0129 


0.0130 | 0.0111 | 0.0095 
0.0151 | 0.0139 | 0.0129 
0.0199 | 0.0169. | 0.0146 


0.0083 
0.0121 
0.0127 


0.0105 || 76.970 
0.0111 || 49.7470 
0.0118 || 


0.0099 | 88.358 
0.0111 || 57.1070 
0.0117 | 


| 9.0090 || 100.528 
| 0.0112 || 64.9740 


0.0084 || 113.490 
0.0112 || 73.3510 
0.0114 


0.0078 || 127.234 
0.0113 || 82.2330 
0.0113 


0.0112 


0.0073 || 141.764 
0.0113 91.6240 


0.0115 0.0098 0084 
0.0152 0.0141 0.0131 
0.0194 | 0.0165 0.0142 


| 


0.0109 0.0093 | ,0.0080 
0.0153 0.0141 0.0131 
0.0193 0.0164 0.0141 


0.0104 | 0.0088 | 0.0076 
0.0154 | 0.0142 | 0.0132 


0.0163 0.0140 | 


0.0100 | 0.0085 | 0.0073 


0.0191 | 0.0162 | 0.0140 


0.0142 | 0.0132 | 


110 120 |= 130 


0.0079 | 0.0070 || 157.080 
0.0121 | 0.0114 || 101.5230 
0.0127 | 0.0112 
0.0073 | 0.0065 | 173.180 
0.0122 | 0.0114 || 111.9290 
0.0124 | 0.0109 | 
0.0070 | 0.0061 || 190.066 
0.0122 | 0.0115 || 122.8430 
0.0123 | 0.0108 
0.0066 | 0.0059 || 207.738 
0.0123 | 0.0115 || 134.2640 
0.0122 | 0.0108 || 
0.0064 | 0.0056 | 226. 194 
0.0123 | 0.0116 || 146.1930 
0.0122 | 0.0107 || 
cfs. 
140 150 | 


(ch 

V (fps 

= gpm 

els 40 | || 

{cls || © 

— 00129 | 

9.818 | 

6.3456 | 0.025 | 

90 | H, | 0.0210 | 

678 | f | 0.0248 | | 4 

96 Hy | 0.0191 

3.500 || 0.0164 | 
ff | 0.0242 

208 || Ae 0.0166 | | | 

9-000. || 0.0165 | | 

|| Hy | 0.0155 | | 

(|| 0.0165 : 

|| f | 0.0237 

120 «|| | *0.0148 

| f 0.0238 q 

126 «Hy | 0.0137 

| ff 0.0231 

(11000 || | 0.0167 

|| f 0.0230 ; 

30710) 11500 | | 0.0168 
| f | 0.0229 | 0.0192, 

144 H, 0.0119 

56.54 | 

f | 0.0228 | 

|| 10 | 


72 
—- = 0.1399 ft. 
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Hy = = friction loss per 100 ft. 


LEO HUDSON 


TABLE 1 (contd. ) 


V= 


Jour. / 


Area A (sq.ft.) = 


mgd. X 694.4 = 


100 110 120 150 | 

1.6504 | 1.3832 | 1. | 1.0124 | 0.8844 0.7788 

0.0121 0.0111 | 0.0102 | 0.0095 | 0.0089 | 0.0083 

0.0393 0.0329 | 0.0280 | 0.0241 | 0.0211 | 0.0186 

| 1.0243 | 0.8582 0.7304 | 0.6302 0.5489 0.4833 

| 0.0125 | 0.0115 | 0.0106 | 0.0098 0.0992 | 0.0085 

| 0.0366 | 0.0307 | 0.0261 | 0.0225 | 0.0196 | 0.0173 

0.7305 | 0.6123 0.5203 | 0.4520 | 0.3913 | 0.3446 

0.0128 | 0.0117 0.0108 0.0101 | 0.0094 | 0.0088 

| 0.0348 0.0292 0.0248 | 0.0214 | 0.0187 0.0165 

0.5643 | 0.4731 | 0.4023 | 0.3471 | 0.3023 | 0.2662 

yt 0.9120 0.0110 | 0.0103 | 0.0096 | 0.0090 

0.0336 0.0282 0.0249 | 0.0207 | 0.0180 | 0.0159 

| H,; | 04569 | 0.3821 | 0.3251 | 0.2814 0.2444 0.2152 

0.9133 | 0.0122 | 0.0112 | 0.0104 | 0.0097 | 0.0091 

9.9326 | 0.0273 | 0.0232 | 0.0201 | 0.0175 | 0.0154 

0.3815 | 0.3190 | 0.2724 | 0.2362 | 0.2042 | 0.1798 
0.0135 | 0.0123 | 0.0114 | 0.0106 | 0.0099 | 0.0092 | 

0.0318 | 0.0266 | 0.0227 0.0196 | 0.0170 | 0.0150 

H, | 0.3510 | 0.2940 | 0.2500 | 0.2160 | 0.1881 0.1657 

0.0135 | 0.0124 | 0.0114 | 0.0106 0.0099 0.0093 

0.0314 | 0.0263 | 0.0224 | 0.0193 | 0.0168 | 0.0148 
0.3263 0.2732 0.2322 | (0.2014 | 0.1747 | 0.1539 | 
0.0136 | 0.0125 | 0.0115 | 0.0107 | 0.0100 | 0.0093 || 

0.0311 0.0261 | 0.0222 0.0191 0.0167 | 0.0147 

| 0.2854 0.2390 | 0.2031 | 0.1740 | 0.1528 | 0.1345 

0.0137 0.0126 | 0.0116 | 0.0108 | 0.0101 | 0.0094 

0.0306 | 0.0256 | 0.0218 | 0.0188 | 0.0164 | 0.0144 

—| —— 

0.2524 | 0.2113 + 0.1800 | 0.1541 | 0.1351 | 0.1189 

0.0138 | 0.0127 | 0.0117 | 0.0109 | 0.0101 | 0.0095 

0.0300 | 0.0251 | 0.0214 | 0.0184 | 0.0161 | 0.0142 
0.2262 | 0.1891 | 0.1610 | 0.1382 | 0.1211 | 0.1067 | 
0.0140 | 0.0128 | 0.0118 | 0.0109 | 0.0102 | 0.0096 | 
0.0295 | 0.0247 | 0.0210 | 0.0181 | 0.0158 | 0.0139 | 

0.2033 | 0.1700 | 0.1452 | 0.1252 | 0.1088 | 0.0958 

0.0141 | 0.0129 | 0.0119 | 0.0110 | 0.0103 | 0.0097 
0.0290 | 0.0243 | 0.0207 | 0.0178 | 0.0155 | 0.0137 | 
100 110 120 130 140 150 | 


0.261 
— 
0.588 
0.3801 § 2. 
1.047 
0.6768 | 2. 
1.635 
2.385 | 
— 
3.207 
3.681 4 
2.3790 3. 
2.7069 
5.301 5 
3.4260 
6.546 
4.2309 5. 
5.004 
7 
6.0921 | 
{efs. | p/ 
© mgd | 
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June 1947 PIPE FLOW FORMULAS 
TABLE 1 (contd.) 
Q (cfs.) 
cfs. 
L = 0.1399 ft. Area A (sq.ft.) = 
V=3 fps. fps.) 
Hy = friction loss per 100 ft. | mgd. X 694.4 (700) = gpm. 
~ fin. | 
Die | Cw-H | 100 110 | 120 130 140 150 Q | mgd 
| | | 
a hCU\| «Oy 0.1824 0.1532 | 0.1303 | 0.1124 | 0.0975 0.0859 11.928 
2.250 n 0.0142 0.0130 | 0.0120 0.0112 0.0104 0.0098 7.7094 
y 0.0284 0.0238 0.0202 0.0174 0.0152 0.0134 
30 | Hy; 0.1573 0.1322 0.1122 0.0961 0.0842 0.0741 14.727 
2.500 || mn 0.0143 0.0131 0.0121 0.0112 0.0105 0.0098 9.5184 
| Pi 0.0280 0.0235 0.0200 0.0172 0.0150 0.0132 
33 Hy 0.1350 0.1133 0.0961 0.0830 0.0724 0.0637 17.820 
2.750 || m 0.0145 0.0132 0.0122 0.0113 0.0106 0.0099 11.5173 
cae 0.0276 0.0231 0.0197 0.0169 0.0148 0.0130 
36 Hy 0.1264 0.1062 0.0900 0.0780 0.0675 0.0595 21.207 
3.000 n 0.0146 0.0133 0.0123 0.0114 0.0107 0.0100 13.7064 
f 0.0271 0.0227 0.0193 0.0167 0.0145 0.0128 
40 Hy 0.1120 0.0942 0.0801 0.0690 0.0600 0.0529 26.181 
3.333 n 0.0146 0.0134 0.0124 0.0115 0.0107 0.0101 16.3395 
ee 0.0266 0.0223 0.0190 0.0164 0.0143 0.0126 
42 | Hy 0.1063 0.0890 0.0762 | 0.0651 0.0568 0.0500 28.863 
3.500 | n 0.0147 0.0135 0.0125 0.0116 0.0108 0.0101 18.6546 
| f 0.0264 0.0221 0.0188 0.0163 0.0142 0.0125 
44 | | H; 0.1000 0.0843 0.0713 0.0622 0.0536 0.0472 31.572 
3.670 || nm 0.0148 0.0136 0.0125 0.0116 0.0108 0.0102 20.405 
om 0.0263 0.0220 0.0187 0.0162 0.0141 0.0124 
48 | Hy 0.0900 0.0751 0.0642 0.0561 | 0.0482 0.0425 37.698 
4.000 | | n 0.0149 0.0136 0.0126 0.0117 0.0109 0.0102 24.365 
| f 0.0257 0.0215 0.0183 0.0159 0.0138 0.0121 
| Hy 0.0791 0.0660 0.0561 0.0490 0.0423 0.0373 47.712 
4.500 n 0.0151 0.0138 0.0127 0.0118 0.0110 0.0104 30.837 
| 3 0.0254 0.0213 0.0181 0.0157 0.0136 0.0120 
60 || H, 0.0701 0.0590 0.0500 0.0432 0.0375 0.0330 58.905 
5.000 n 0.0152 0.0139 0.0128 0.0119 0.0111 0.0104 38.071 
f 0.0249 0.0209 0.0178 0.0153 0.0133 0.0118 
66 | Hy | 0.0642 0.0542 0.0462 0.0390 0.0343 0.0302 71.274 
5.500 || mn 0.0153 0.0140 0.0129 0.0120 0.0112 0.0105 46.066 
f 0.0245 0.0205 0.0175 | 0.0151 0.0131 0.0116 
72 | Hy | 0.0563 | 0.0473 | 0.0400 | 0.0351 | 0.0300 | 0.0264 || 84.822 
6.000 n 0.0154 0.0141 0.0130 | 0.0121 0.0113 0.0106 54.822 
f | 0.0242 0.0203 0.0173 0.0149 0.0130 0.0114 
jin. cfs. 
Dir. | W-H | 100 110 120 130 140 150 rot 


) (cfs.\ | 
= gpm. | 
cfs. 
1686 | 
588 | 
0566. | 
335 
5222 
}.207 
.0730 : 
681 
3790 
301 
426 | 
{cfs. 
mgd. 
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TABLE 1 (contd.) 


Jour. AWW, 


v3 0 (cf 
-— = 0.1399 ft. Area A (sq.ft.) = 
2g V= 3 fps. V (fps 
Hy = friction loss per 100 ft. a mgd. X 694.4 (700) = gpm 
|| 100 110 120 130 140 150 Q 
||___\med 
78 Hy; 0.0521 0.0442 0.0372 0.0322 0.0279 0.0245 | 99,549 
6.500 n 0.0155 0.0142 0.0131 0.0122 0.0114 0.0107 || 64.349 
f 0.0240 0.0201 0.0171 0.0148 0.0129 0.0113 
84 H; 0.0473 0.0390 0.0343 0.0290 0.0252 0.0222 115.455 
7.000 n 0.0156 0.0143 0.0132 0.0123 0.0114 0.0107 74.621 
7 0.0237 0.0200 0.0169 0.0145 0.0127 0.0112 
90 H, 0.0432 0.0361 0.0314 0.0271 0.0230 0.0203 | 132.537 
7.500 n 0.0157 0.0144 0.0133 0.0123 0.0115 0.0108 85.661 
i 0.0233 0.0195 0.0166 0.0143 0.0125 0.0110 
96 Hy; 0.0400 0.0342 0.0290 0.0252 0.0214 0.0189 150.792 
8.000 n 0.0158 0.0145 0.0133 0.0124 0.0116 0.0109 97.461 
ff 0.0230 0.0193 0.0164 0.0142 0.0123 0.0109 
102 Hy; 0.0381 0.0321 0.0270 0.0231 0.0204 0.0179 170.235 
8.500 n 0.0159 0.0145 0.0134 0.0125 0.0116 0.0109 |} 110.026 
f 0.0229 0.0192 0.0163 0.0141 0.0123 0.0108 | 
108 Hy 0.0352 0.0290 0.0251 0.0220 0.0187 0.0165 190.851 
9.000 n 0.0160 0.0146 0.0135 0.0125 0.0117 0.0110 123.350 
f 0.0227 0.0190 0.0162 0.0139 0.0122 0.0107 | 
—-—- —_——| | 
114 Hy; 0.0331 0.0280 0.0242 0.0201 0.0177 0.0156 | 212.646 
9.500 n 0.0160 0.0147 0.0135 0.0126 0.0117 0.0110 137.437 
5 f 0.0224 0.0188 0.0160 0.0138 0.0120 0.0106 
120 Hy 0.0310 0.0262 0.0221 0.0191 0.0166 0.0146 | 235.620 
10.000 n 0.0161 0.0147 0.0136 0.0126 0.0118 0.0111 | | 152.285 
¥. 0.0223 0.0187 0.0159 0.0137 0.0120 0.0105 || 
126 | Hy 0.0290 0.0243 0.0210 0.0183 0.0155 0.0137 ] 259.770 
10.500 n 0.0161 0.0148 0.0137 0.0127 0.0118 0.0111 || 167.894 
f 0.0221 0.0185 0.0158 0.0136 0.0119 0.0104 ] 
132. Hy | (0.0280 | 0.0231 | 0.0200 | 0.0171 | 0.0150 | 0.0132 || 285.099 
11.000 | n 0.0162 0.0149 0.0137 0.0127 0.0119 0.0111 | | 184.264 
aes i 0.0218 0.0183 0.0155 0.0134 0.0117 0.0103 | 
138 H, | 0.0261 | 0.0220 | 0.0190 | 0.0163 | 0.0139 | 0.0123 } 311.607 
11.500 || n 0.0163 0.0149 0.0137 0.0128 0.0119 0.0112 | | 201.397 
f 0.0217 0.0182 0.0154 0.0133 0.0116 0.0102 | 
144 Hy 0.0252 0.0210 0.0181 0.0155 0.0134 0.0118 ] 339.291 
12.000 n 0.0163 0.0150 0.0138 0.0128 0.0120 0.0112 || 219.290 
| f | 0.0215 0.0180 0.0153 0.0133 0.0115 0.0101 || 
D Cw-H 100 110 120 130 140 150 ¢ 


3 
= 
| 
q 
| 
| 
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| 
| 
| 
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TABLE 1 (contd.) 


y2 Q (cfs. ) 
= 0.2487 ft. Area A (sq.ft.) = =——— 
de V = 4 fps. V (fps. ) 
H, = friction loss per 100 ft. mgd. X 694.4 (700) = gpm. 
in. | cfs. 
D ft. | Cw-H | 100 110 120 130 140 150 cs, 
4 | Hy 3.1592 2.6474 2.2525 1.9429 1.6933 1.4911 0.348 
0.333 || 0.0119 0.0109 0.0100 0.0093 0.0087 0.0081 0.2248 
| f 0.0453 0.0380 0.0323 0.0279 0.0243 0.0214 
yng | H, | 1.7309 | 1.4505 | 1.2341 | 1.0645 | 0.9277 | 0.8170 || 0.784 
0.500 || m 0.0122 0.0112 0.0103 0.0096 0.0089 0.0084 0.5068 
| f 0.0348 0.0292 0.0248 0.0214 0.0187 0.0164 
8 | | H; 1.2462 1.0443 0.8885 0.7664 0.6680 0.5882 1.396 
0.667 n 0.0126 0.0115 0.0106 0.0100 0.0092 0.0086 0.9024 
0.0334 0.0280 0.0238 0.0205 0.0179 0.0158 
me 10 «|| Ay 0.9608 0.8052 0.6851 0.5909 0.5150 0.4535 2.180 
0.833 n 0.0128 0.0117 0.0108 0.0100 0.0094 0.0088 1.4088 
f 0.0322 0.0270 0.0230 0.0198 0.0173 0.0152 
12 Hy 0.7784 0.6523 0.5550 0.4787 | 0.4172 0.3674 3.140 
1.000 n 0.0130 0.0119 0.0110 0.0102 0.0095 0.0089 2.0296 
f 0.0313 0.0262 0.0223 0.0192 0.0168 0.0148 
14 Hy 0.6481 0.5431 0.4621 0.3986 0.3474 0.3059 4.276 
1.167 n 0.0132 0.0120 0.0111 0.0103 0.0096 0.0090 2.7640 
f 0.0304 0.0255 0.0217 0.0187 0.0163 | "0.0143 
15 Hy 0.5990 0.5020 0.4271 0.3684 | 0.3210 0.2827 4.908 
1.250 n 0.0132 0.0121 0.0112 0.0104 0.0097 0.0091 3.1720 
Yi 0.0301 0.0252 0.0215 0.0185 0.0161 0.0142 
16 Hy; 0.5573 0.4670 0.3974 | 0.3427 0.2987 0.2630 5.584 
1.333 n 0.0133 0.0122 0.0112 0.0104 0.0097 0.0091 3.6092 
f 0.0298 0.0250 0.0212 0.0183 0.0160 0.0141 
18 Hy 0.4841 0.4057 0.3452 0.2977 0.2595 0.2285 7.068 
1.500 n 0.0134 0.0123 0.0114 0.0105 0.0098 0.0092 4.5680 
f 0.0292 0.0245 0.0208 0.0180 0.0157 0.0138 
20 | Hy 0.4267 0.3576 0.3042 0.2624 | 0.2287 0.2014 8.728 
1.667 | n 0.0136 0.0124 0.0114 0.0106 0.0098 0.0093 5.6412 
f 0.0286 0.0240 0.0204 0.0176 | 0.0153 0.0136 
22 Hy 0.3832 0.3211 0.2732 0.2357 0.2054 0.1809 10.520 
1.833 n 0.0137 0.0125 0.0115 0.0107 0.0100 0.0094 6.7992 
f 0.0282 0.0236 0.0201 | 0.0173 | 0.0151 0.0133 
24 Hy 0.3444 0.2886 0.2456 | 0.2118 0.1846 0.1626 12.568 
2.000 n 0.0138 0.0126 0.0116 0.0108 0.0101 0.0095 8.1228 
@, 0.0278 0.0233 0.0198 | 0.0171 x 0.0149 0.0131 
|| 100 110 120 140 150 ofcts 
med. 


: 
Q (chs 
V (fps a 
= 
) 
(med. 
99.549 
64.340 
15.455 
74.621 
32.537 
85.66! 
50.792 
97.461 
70.235 
10.026 
90.851 
2 3.350 
12.646 
37.437 
35.620 
52.285 
59.770 
85.099 a 
84.264 
11.607 
11.397 = 
39.291 
19.290 
‘cfs. 
med. 
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582 LEO HUDSON 
TABLE 1 (contd.) 
Q (cha) 
— = 0.2487 ft. Area A (sq.ft.) = =—— 
2g V= 4 fps. V (fps. 
H; = friction loss per 100 ft. mgd. X 694.4 (700) = gpm, 
‘ 
in. | cfs, 
ft. ||Cw-a| 100 | 110 | 120 | 130 | 140 | 150 | 
| | 
27 Hy | 0.3039 | 0.2547 | 0.2167 0.1869 | 0.1629 | 0.1434 |} 15.904 
2.250 n 0.0139 | 0.0127 | 0.0117 | 0.0109 | 0.0102 | 0.0096 || 10.279 
f 0.0275 | 0.0230 | 0.0196 | 0.0169 | 0.0148 | 0.0130 | 
30 H, | 0.2667 | 0.2235 | 0.1902 | 9.1640 | 0.1430 | 0.1259 |! 19.636 
2.500 n 0.0140 | 0.0128 | 0.0119 | 0.0110 | 0.0103 | 0.0096 || 12.6912 
f 0.0268 | 0.0225 | 0.0191 | 0.0165 | 0.0144 | 0.0126 | 
— 
33 Hy | 0.2386 | 0.1999 | 0.1701 | 0.1467 | 0.1279 | 0.1126 || 23.760 
2.750 || m 0.0141 | 0.0129 | 0.0119 | 0.0111 | 0.0104 | 0.0097 | 15.3564 
f 0.0264 | 0.0221 | 0.0188 | 0.0162 | 0.0142 | 0.0125 || 
36 = Hy | 0.2155 | 0.1806 | 0.1537 | 0.1325 | 0.1155 | 0.1017 || 28.276 
3.000 n 0.0142 | 0.0130 | 0.0120 | 0.0112 | 0.0104 | 0.0008 || 18.275) 
f 0.0260 | 0.0218 | 0.0185 | 0.0160 | 0.0139 | 0.0123 | 
40 Hy | 0.1910 | 0.1601 | 0.1362 | 0.1175 | 0.1024 | 0.0902 || 34.908 
3.333 n 0.0144 | 0.0132 | 0.0121 | 0.0113 | 0.0105 | 0.0099 || 21.7869 
f | 0.0256 | 0.0215 | 0.0183 | 0.0157 | 0.0137 | 0.0121 || 
42 | Hy, | 0.1806 | 0.1513 | 0.1288 | 0.1111 | 0.0968 | 0.0852 | 38.484 
3.500 | mn | 0.0144 | 0.0132 0.0122 | 0.0113 | 0.0106 | 0.0099 || 24.8728 
‘| f | 0.0254 | 0.0213 | 0.0181 | 0.0156 | 0.0136 | 0.0120 | 
44 | Hy | 0.1709 | 0.1432 | 0.1219 | 0.1051 | 0.0916 | 0.0807 || 42.096 
3.670 | m | 0.0145 | 0.0133 | 0.0122 | 0.0114 | 0.0106 | 0.0099 || 27.2072 
f | 0.0252 | 0.0211 | 0.0180 | 0.0155 | 0.0135 | 0.0119 
48 Hy, | 0.1543 0.1293 | 0.1100 | 0.0949 | 0.0827 | 0.0728 || 50.264 
4.000 | » | 0.0146 | 0.0134 | 0.0123 | 0.0114 | 0.0107 | 0.0100 || 32.4864 
f | 0.0248 0.0208 | 0.0177 | 0.0153 | 0.0133 | 0.0117 || 
54 H, | 0.1349 | 0.1130 | 0.0962 | 0.0830 | 0.0723 | 0.0637 | 63.616 
4.500 ” 0.0148 0.0135 | 0.0125 | 0.0116 | 0.0108 | 0.0101 || 41.1160 
| 0.0244 | 0.0204 0.0174 | 0.0150 | 0.0131 | 0.0115 
| 
60 | Hy | 0.1188 | 0.0996 | 0.0847 | 0.0731 | 0.0637 | 0.0561 || 78.540 
5.000 1 n | 0.0149 0.0136 | 0.0126 | 0.0117 | 0.0109 | 0.0102 || 50.7616 
| ff 0.0239 0.0200 0.0170 0.0147 | 0.0128 | 0.0113 
66 | Hy | 0.1062 | 0.0890 0.0757 | 0.0653 | 0.0569 | 0.0501 || 95.032 
5.500 || 0.0150 | 0.0137 | 0.0127 | 0.0117 | 0.0110 | 0.0103 || 61.4208 
f 0.0235 | 0.0197 0.0168 0.0145 | 0.0126 | 0.0111 
72 H, | 0.0959 0.0804 | 0.0684 | 0.0590 | 0.0514 | 0.0453 || 113.096 
6.000 | n | 0.0151 0.0138 | 0.0127 | 0.0118 | 0.0111 | 0.0104 || 73.0960 
|| £ | 0.0231 0.0194 | 0.0105 | 0.0142 | 0.0124 | 0.0109 
Dim || Cwu) 100 110 | 120 | 130 140 150 
\ft. | | mgd. 
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| 
3 
3 
10 
1 
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” (fps.) 
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= 0.2487 ft. Aven: 
V = 4 fps. aft) = 
H, = friction loss per 100 ft. mgd. X 694.4 (700) = gpm. 
fin. cfs. 
| Cw-H| 100 110 120 130 | 140 150 
718 H; | 0.0869 | 0.0728 | 0.0620 | 0.0534 | 0.0466 | 0.0410 || 132.732 
6.500 | m | 0.0152 | 0.0139 | 0.0128 | 0.0119 | 0.0111 | 0.0104 || 85.7868 
| f | 0.0227 | 0.0190 | 0.0162 | 0.0140 | 0.0122 | 0.0107 
84 H; | 0.0800 | 0.0670 | 0.0570 | 0.0492 | 0.0429 | 0.0378 || 153.940 
7.000 n | 0.0153 | 0.0140 | 0.0129 | 0.0120 | 0.0112 | 0.0105 || 99.4940 
f | 0.0226 | 0.0189 | 0.0161 | 0.0139 | 0.0121 | 0.0106 
90 H; | 0.0740 | 0.0620 | 0.0528 | 0.0455 | 0.0397 | 0.0349 || 176.716 
7.500 n 0.0154 | 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 || 114.2144 
f | 0.0223 | 0.0187 | 0.0159 | 0.0137 | 0.0119 | 0.0105 | 
96 H; | 0.0691 | 0.0579 | 0.0493 | 0.0425 | 0.0370 | 0.0326 || 201.056 
8.000 n 0.0155 | 0.0142 | 0.0131 | 0.0121 | 0.0113 | 0.0106 || 129.9484 
| ff 0.0221 | 0.0185 | 0.0158 | 0.0136 | 0.0118 | 0.0104 
——| 
102 1 H; | 0.0638 | 0.0535 | 0.0455 | 0.0392 | 0.0342 | 0.0301 || 226.980 
8.500 || 0.0156 | 0.0142 | 0.0131 | 0.0122 | 0.0114 | 0.0107 || 146.7012 
| f 0.0218 | 0.0183 | 0.0155 | 0.0134 | 0.0117 | 0.0103 | 
108 | Hy | 0.0599 | 0.0502 | 0.0427 | 0.0368 | 0.0321 | 0.0283 || 254.468 
9.000 | om 0.0156 | 0.0143 | 0.0132 | 0.0123 | 0.0114 | 0.0107 || 164.4668 
f 0.0217 | 0.0182 | 0.0154 | 0.0133 | 0.0116 | 0.0102 
14 | H, | 0.0560 | 0.0469 | 0.0399 | 0.0344 | 0.0300 | 0.0265 || 283.528 
9.500 | on 0.0157 | 0.0144 | 0.0132 | 0.0123 | 0.0115 | 0.0108 |} 183.2488 
| f | 0.0216 | 0.0181 | 0.0154 | 0.0133 | 0.0116 | 0.0101 
120 H; | 0.0534 | 0.0448 | 0.0381 | 0.0328 | 0.0286 | 0.0252 || 314.160 
10.000 om 0.0158 | 0.0144 | 0.0133 | 0.0124 | 0.0115 | 0.0108 || 203.047 
| of | 0.0215 | 0.0180 | 0.0153 | 0.0132 | 0.0115 | 0.0101 
126 «Hy | 0.0495 | 0.0415 | 0.0353 | 0.0304 | 0.0265 | 0.0233 || 346.360 
10.500 |} m | 0.0158 | 0.0145 | 0.0134 | 0.0124 | 0.0116 | 0.0109 || 223.8584 
| f | 0.0210 | 0.0176 | 0.0151 | 0.0130 | 0.0114 | 0.0099 
132 | ~H, | 0.0469 | 0.0393 | 0.0334 | 0.0288 | 0.0251 | 0.0221 || 380.132 
11.000 || nm | 0.0159 | 0.0145 | 0.0134 | 0.0124 | 0.0116 | 0.0109 |) 245.6856 
|| £ | 0.0207 | 0.0173 | 0.0148 | 0.0128 | 0.0112 | 0.0098 
i38 || Hy | 0.0436 | 0.0365 | 0.0311 | 0.0268 | 0.0234 | 0.0206 || 415.476 
11.500 |) n 0.0159 | 0.0146 | 0.0135 | 0.0125 | 0.0117 | 0.0109 || 268.5292 
‘| f | 0.0202 | 0.0169 | 0.0144 | 0.0125 | 0.0109 | 0.0095 
44 | Hy | 0.0430 | 0.0360 | 0.0307 | 0.0264 | 0.0230 | 0.0203 || 452.388 
12.000 | » | 0.0160 | 0.0146 | 0.0135 | 0.0125 | 0.0117 | 0.0110 || 292.3860 
0.0200 | 0.0168 | 0.0143 | 0.0123 | 0.0107 | 0.0094 
Diet | Cwm | 100 110 120 130 40) 180 |! 


ne 1947 
sie 
‘cfs 
(mgd. | 
5.904 
0 2 792 
2.6912 | 
3.760 
5.3564 
8.275) 
— 
4.908 
1.7860 
4.8728 
2.096 
7.2072 
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— 
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1.1160 
3.540 
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3.0960 


584 LEO HUDSON Jour. AWWA 
TABLE 1 (contd.) 
— = 0.3887 ft. Area A (sq.ft.) = =—— 
2g V= 5 fps. V (fps.) 
H; = friction loss per 100 ft. mgd. X 694.4 (700) = gpm, 
|| 100 | 110 120 130 140 || 
— (mgd, 
4 H,; 4.2213 3.5374 3.0098 2.5961 2.2626 1.9925 | | 0.435 
0.3333 n 0.0117 | 0.0107 | 0.0099 | 0.0092 | 0.0086 | 0.0080 | 0.281 
f 0.0362 0.0303 0.0258 0.0223 0.0194 0.0171 | 
6 H, 2.6354 | 2.2084 | 1.8790 | 1.6208 | 1.4126 | 1.2439 | 0.980 
0.5000 n 0.0121 | 0.0110 | 0.0102 | 0.0095 | 0.0088 | 0.0083 | 0.634 
f 0.0339 0.0284 0.0242 0.0208 0.0182 0.0160 || 
8 || Hy 1.8831 1.5780 1.3427 1.1581 1.0093 0.8888 | | 1.745 
0.6667 n 0.0124 | 0.0113 | 0.0104 | 0.0097 | 0.0091 | 0.0085 | 1.128 
F 0.0323 0.0271 0.0230 0.0199 0.0173 0.0152 | 
10 H, | 1.4552 | 1.2195 | 1.0376 | 0.8949 | 0.7800 | 0.6868 || 2.725 
0.8333 n 0.0126 0.0115 0.0106 0.0099 0.0092 0.0087 | | 1.761 
f | 0.0312 0.0261 0.0222 0.0192 0.0167 0.0147 | 
12 || Hy 1.1738 0.9836 0.8369 0.7219 0.6292 0.5540 || 3.925 
1.0000 on 0.0128 | 0.0117 | 0.0108 | 0.0100 | 0.0094 | 0.0088 || 2.537 
f | 0.0302 | 0.0253 | 0.0215 | 0.0186 | 0.0162 | 0.0143 | 
14 H; 0.9863 0.8265 0.7032 0.6066 0.5287 0.4655 | 5.345 
1.1667 n 0.0130 0.0119 0.0110 0.0102 0.0095 0.0089 || 3.455 
s | 0.0296 | 0.0248 | 0.0211 | 0.0182 | 0.0159 | 0.0140 || 
15 H, 0.9050 0.7584 | 0.6453 | 0.5566 | 0.4851 | 0.4272 | 6.135 
1.250 n 0.0130 | 0.0119 | 0.0110 | 0.0102 | 0.0095 | 0.0089 3.965 
f 0.0291 0.0244 0.0207 0.0179 0.0156 0.0137 
16 H; | 0.8418 0.7054 0.6002 0.5177 0.4512 | 0.3973 6.980 
1.3333 n 0.0131 0.0120 0.0111 0.0103 0.0096 0.0090 4.512 
F 0.0288 0.0241 0.0205 0.0177 0.0154 0.0136 
18 Hy, | 0.7307 0.6123 0.5210 0.4494 0.3917 0.3449 | 8.835 
1.5000 on | 0.0132 0.0121 0.0112 0.0104 0.0097 0.0091 | 5.710 
f 0.0282 0.0236 0.0201 0.0173 0.0151 0.0133 || 
20 H,; 0.6459 0.5413 0.4605 0.3972 0.3462 | 0.3049 | 10.910 
1.6667 n 0.0133 | 0.0122 | 0.0113 | 0.0105 | 0.0098 | 0.0092 || 7.082 
if 0.0277 0.0232 0.0198 0.0170 0.0148 | 0.0131 |) 
22 H, | 0.5799 | 0.4859 | 0.4135 | 0.3566 | 0.3108 | 0.2737 13.150 
1.8333 n 0.0135 | 0.0123 | 0.0114 | 0.0106 | 0.0099 | 0.0092 8.499 
f 0.0273 0.0229 | 0.0195 | 0.0168 | 0.0146 | 0.0129 
24 | Hy; 0.5227 | 0.4380 0.3727 0.3215 | 0.2802 | 0.2467 15. 5.710 
2.0000 || 1 0.0136 | 0.0124 | 0.0115 | 0.0106 | 0.0099 | 0.0093 | 10.154 
| ¥ 0.0269 | 0.0225 0.0192 0.0165 | 0.0144 | 0.0127 || 
| } | 
jin | (cfs. 
D lit. || Cw-H | 100 | 110 120 130 | 140 | 150 | sas 4. 
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Area A (sq.ft.) = A, 
V= 5 fps. V (fps. ) 
med. x 694.4 (700) = gpm. 
100 120 130 140 150 o {cts 
0.4577 | 0.3836 | 0.3263 | 0.2815 0.2453 0.2160 19.880 
| 0.0137 | 0.0125 | 0.0116 | 0.0107 | 0.0100 | 0.0094 12.849 
0.0265 | 0.0222 0.0189 0.0163 | 0.0142 0.0125 
| 0.4027 | 0.3375 0.2871 | 0. 2477 0.2158 | 0.1901 24. 545° 
| 0.0138 | 0.0126 | 0.0117 | 0.0108 | 0.0101 0.0095 15.864 
0.0259 | 0.0217 | 0.0185 | 0.0159 | 0.0139 | 0.0122 
"0.3603 0.3019 | 0.2569 | 0.2216 Zz 1931 0.1701 | 29.700 
0.0139 | 0.0127 | 0.0118 | 0.0109 | 0.0102 | 0.0096 | 19.196 
- 0.0255 | 0.0214 | 0.0182 | 0.0157 | 0.0137 | 0.0120 
0. 3253 0.2726 | 0.2319 0.2001 0.1744 0.1535 35.345. 
| 0.0140 | 0.0128 | 0.0118 | 0.0110 | 0.0103 | 0.0096 22.844 
| 0.0251 0.0210 | 0.0179 0.0154 | 0.0135 | 0.0118 
| 0.2880 | 0.2413 | 0.2053 | 0.1771 | 0.1544 0.1389 43.635 
| 0.0141 0.0129 0.0119 | 0.0111 0.0104 | 0.0097 27.233 
| 0.0247 | 0.0207 | 0.0176 | 0.0152 | 0.0132 | 0.0117 
0.2722 | 0.2281 | 0.1941 | 0.1674 | 0. 1459 | 0.1285 || 48.105 
| 0.0142 | 0.0130 | 0.0120 | 0.0111 | 0.0104 eeanie 31.091 
0.0245 | 0.0205 | 0.0175 0.0151 | 0.0131 | 0.0116 | 
2573 0.2156 0.1835 | 0.1582 0.1379 | 0.1214 52.620 
‘cana 0.0131 0.0120 | 0.0112 | 0.0104 | 0.0098 34.009 
0.0243 0.0204 0.0173 0.0149 0.0130 | 0.0115 
| 0.2332 | 0.1954 | 0.1663 | 0.1434 | 0.1250 0.1101 62. 830 
0.0144 | 0.0131 | 0.0121 | 0.0113 | 0.0105 | 0.0099 40.608 
| 0.0240 | 0.0201 | 0.0171 0.0148 | 0.0129 | 0.0113 
| 0.2039 | 0.1709 | 0.1454 | 0.1254 | 0.1093 0.0962 79.520 
0.0145 | 0.0133 | 0.0123 | 0.0114 | 0.0106 | 0.0100 51.395 
| 0.0236 | 0.0198 | 0.0168 | 0.0145 | 0.0126 | 0.0111 
0.1795 | 0.1504 | 0.1280 0.1104 | 0.0962 0.0847 98.175 
0.0146 | 0.0134 | 0.0124 0.0115 | 0.0107 | 0.0101 63.452 
0.0231 | 0.0194 | 0.0165 | 0.0142 | 0.0124 | 0.0109 
0.1605 | 0.1345 0.1144 0.0987 0.0860 | 0.0758 “118. 790 
0.0147 | 0.0135 | 0.0125 | 0.0116 | 0.0108 | 0.0101 || 76.776 
0.0227 | 0.0190 | 0.0162 | 0.0140 | 0.0122 | 0.0107 || 
0.1452 | 0.1217 0.1035 0.0893 0.0778 0.0685 || 141.370 
0.0148 | 0.0136 | 0.0125 0.0116 | 0.0109 | 0.0102 1 91.370 
0.0224 | 0.0188 | 0.0160 | 0.0138 | 0.0120 | 0.0106 || 
100 | 110 120 130 140 150 | . 
mgd 


"WA June 1947 
= 0.3887 ft. 
(fps.) 2g 
gpm. 
fs. 
435 | 27 
281 2.250 n 4 
634 2.500 n 
45 | 33 Hy 4 
725 36 Hy a 
925 40 Hy 
— 
345 42 H; ae: 
455 3.500 n 4 
135 44 H 
965 3.670 n 
980 4s || Hy | 
512 4.000 n 
f 
835 54 Hy; 
710 4500 || 
f 
910 | 60 H, 
052 5.000 n 
150 66 Hy 
499 5.500 n 
cfs. D jin. C 
mgd 
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TABLE 1 (contd.) 
= 0.3887 ft. Area A (sq. ft.) = 
V=5 fps. V (lps) 
Hy = friction loss per 100 ft. mgd. X 694.4 (700) = gpm 
lin. || || 
Cw-n| 100 110 120 130 140 iso || 
\ft. || | (mgd, | 
— 
78 H, | 0.1316 | 0.1103 | 0.0938 | 0.0809 | 0.0705 | 0.0621 || 165.915 
6.500 || 0.0149 | 0.0137 | 0.0126 | 0.0117 | 0.0109 | 0.0103 |, 107.233 
| f 0.0220 | 0.0184 | 0.0157 | 0.0136 | 0.0118 | 0.0104 || 
84 H, | 0.1213 | 0.1016 | 0.0865 | 0.0746 | 0.0650 | 0.0573 || 192.495 
7.000 n 0.0150 | 0.0138 | 0.0127 | 0.0118 | 0.0110 | 0.0103 || 124.368 
| ff 0.0219 | 0.0184 | 0.0156 | 0.0135 | 0.0117 | 0.0103 
900 | Hy | 0.1119 | 0.0938 | 0.0798 | 0.0688 | 0.0600 | 0.0528 |) 220.895) 
7.500 n 0.0151 | 0.0138 | 0.0128 | 0.0119 | 0.0111 | 0.0104 || 142.768 
f 0.0216 | 0.0181 | 0.0154 | 0.0133 | 0.0116 | 0.0102 
06 | Hy | 0.1039 | 0.0871 | 0.0741 | 0.0639 | 0.0557 | 0.0490 | 251.320 
8.000 n 0.0152 | 0.0139 | 0.0129 | 0.0119 | 0.0112 | 0.0105 || 162.4365 
f 0.0214 | 0.0179 | 0.0152 | 0.0131 | 0.0115 | 0.0101 
102 | Hy | 0.0969 | 0.0812 | 0.0691 | 0.0596 | 0.0519 | 0.0457 || 283.725 
8.500 | 1m 0.0153 | 0.0140 | 0.0129 | 0.0120 | 0.0112 | 0.0105 || 183.377 
| f 0.0212 0.0178 | 0.0151 | 0.0130 | 0.0114 | 0.0100 
108 H, | 0.0907 0.0760 | 0.0647 | 0.0558 | 0.0486 | 0.0428 | 318.085) 
9.000 n 0.0154 | 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 || 205.584 
f 0.0210 | 0.0176 | 0.0150 | 0.0129 | 0.0113 | 0.0099 || 
114 H, | 0.0850 | 0.0712 | 0.0606 | 0.0523 | 0.0456 | 0.0401 ‘| 254.410 
9.500 n 0.0154 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 |) 229.061 
f 0.0208 | 0.0174 | 0.0148 | 0.0128 | 0.0112 | 0.0098 || 
120 H, | 0.0801 | 0.0671 | 0.0571 | 0.0493 | 0.0429 | 0.0378 || 392.700 
10.000 | n 0.0155 | 0.0142 | 0.0131 | 0.0122 | 0.0113 | 0.0106 || 253.809 
| f 0.0206 | 0.0173 | 0.0147 | 0.0127 | 0.0110 | 0.0097 
126 | Hy, | 0.0756 | 0.0634 | 0.0539 | 0.0465 | 0.0405 | 0.0357 || 432.950 
10.500 | on 0.0156 | 0.0142 | 0.0131 | 0.0122 | 0.0114 | 0.0107 || 279.823 
| J 0.0204 | 0.0172 | 0.0146 | 0.0126 | 0.0109 | 0.0096 
—|| 

132. | Hy | 0.0712 | 0.0597 | 0.0508 | 0.0438 | 0.0382 | 0.0336 || 475.165 
11.000 || 0.0156 | 0.0143 | 0.0132 | 0.0122 | 0.0114 | 0.0107 |) 307.107 
| f 0.0202 | 0.0169 | 0.0144 | 0.0125 | 0.0108 | 0.0095 | 
_ 
138 | Hy, | 0.0680 | 0.0570 | 0.0485 | 0.0418 | 0.0364 | 0.0321 || 319.345 
11.500 || » | 0.0157 | 0.0144 | 0.0132 | 0.0123 | 0.0115 | 0.0108 | 335.662 
| f | 0.0201 0.0169 | 0.0143 | 0.0124 | 0.0107 | 0.0094 | 
144 H, | 0.0647 | 0.0542 | 0.0461 | 0.0398 | 0.0347 | 0.0305 || 565.485 
12.000 | 1 0.0157 0.0144 | 0.0133 | 0.0123 | 0.0115 | 0.0108 || 365.483 
0.0200 | 0.0168 | 0.0142 | 0.0123 | 0.0106 | 0.0093 

|| 100 120 130 150 
Dye. | | | | | Q mgd. 


June 


4 
| 
: 
3 
0.8 
| A 
1.7 
= 
: 
3 
1.¢ 
2. 
| 
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Q (cfs.) 
Area A (sq.ft.) = 
V-6 fps. veg, 
.} Hy = friction loss per 100 ft. mgd. X 694.4 (700) = gpm. 
(cfs. 
| 100 110 120 1130 140 150 d 
H, | 5.9440 | 4.9811 | 4.2381 | 3.6556 | 3.1860 | 2.8056 0.522 
n | 0.0115 | 0.0106 | 0.0097 | 0.0090 | 0.0084 | 0.0079 0.337 
f | 0.0354 | 0.0297 | 0.0252 | 0.0218 | 0.0190 | 0.0167 
H,; | 3.7052 | 3.1050 | 2.6418 | 2.2787 | 1.9860 | 1.7489 1.176 
| 0.0119 | 0.0109 | 0.0101 | 0.0094 | 0.0087 | 0.0082 0.760 
f | 0.0331 | 0.0277 | 0.0236 | 0.0204 | 0.0177 | 0.0156 
| 
_| 
Hy, | 2.6447 | 2.2163 | 1.8857 | 1.6265 | 1.4176 | 1.2483 2.094 
| mn | 0.0122 | 0.0112 | 0.0103 | 0.0096 | 0.0089 | 0.0084 1.354 
f | 0.0315 | 0.0264 | 0.0225 | 0.0194 | 0.0169 | 0.0149 
|| Hy | 2.0618 | 1.7278 | 1.4701 | 1.2680 | 1.1051 | 0.9732 3.270 
| m | 0.0124 | 0.0114 | 0.0105 | 0.0098 | 0.0091 | 0.0085 2.113 
| f 0.0307 | 0.0257 | 0.0219 | 0.0189 | 0.0165 | 0.0145 
| Hy | 1.6511 | 1.3836 | 1.1772 | 1.0154 | 0.8850 | 0.7793 4.710 
on | 0.0126 | 0.0116 | 0.0107 | 0.0099 | 0.0092 | 0.0087 3.044 
uf: | 0.0295 | 0.0247 | 0.0210 | 0.0181 | 0.0158 | 0.0139 
| Hy | 1.3767 | 1.1537 | 0.9816 | 0.8467 | 0.7379 | 0.6498 6.414 
on | 0.0128 | 0.0117 | 0.0108 | 0.0100 | 0.0094 | 0.0088 4.146 
| f | 0.0287 | 0.0241 | 0.0205 | 0.0177 | 0.0154 | 0.0135 
| H, | 1.2715 | 1.0655 | 0.9066 | 0.7820 | 0.6815 | 0.6000 7.362 
| 0.0129 | 0.0118 | 0.0109 | 0.0101 | 0.0094 | 0.0088 4.758 
| f 0.0284 | 0.0238 | 0.0202 | 0.0175 | 0.0152 | 0.0134 
|| Hy | 1.1824 | 0.9909 | 0.8431 | 0.7272 | 0.6338 | 0.5581 || 8.376 
|| om 0.0129 | 0.0119 | 0.0109 | 0.0101 | 0.0095 | 0.0089 5.414 
f 0.0281 | 0.0235 | 0.0200 | 0.0173 | 0.0151 | 0.0133 
H; | 1.0300 | 0.8631 | 0.7344 | 0.6335 | 0.5521 | 0.4862 || 10.602 
n | 0.0130 | 0.0120 | 0.0110 | 0.0102 | 0.0096 | 0.0090 6.852 
f | 0.0276 | 0.0231 | 0.0197 | 0.0170 | 0.0148 | 0.0130 
| Wy | 0.9067 | 0.7598 | 0.6465 | 0.5576 | 0.4860 | 0.4280 || 13.092 
| on 0.0132 | 0.0121 | 0.0111 | 0.0103 | 0.0097 | 0.0090 8.462 
| ff 0.0270 | 0.0226 | 0.0193 | 0.0166 | 0.0145 | 0.0127 
| Hy | 0.8134 | 0.6816 | 0.5800 | 0.5002 | 0.4360 | 0.3839 || 15.780 
/ n | 0.0133 | 0.0122 | 0.0112 | 0.0104 | 0.0098 | 0.0091 || 10.199 
| f | 0.0266 | 0.0223 | 0.0190 | 0.0163 | 0.0143 | 0.0126 
|| Hy | 0.7359 | 0.6167 | 0.5247 | 0.4526 | 0.3944 | 0.3473 || 18.852 
on | 0.0134 | 0.0123 | 0.0113 | 0.0105 | 0.0099 | 0.0092 || 12.184 
| f | 0.0263 | 0.0220 | 0.0188 | 0.0162 | 0.0141 | 0.0124 
Cw-u 100 110 | 120 | 130 140 150 


= 
cfs. 
(mgd, 
65.915 
07.233 
92.425 
24.368 
20.895 
42.768 
62.436 — 
83.725 
83.377 
— 
5.584 
4.410 
)2.700 
2.950 
19,823 
5.165 
17.107 
9.345 
5.662 
5.485 
5.483 
cfs. 
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V? 
- = 0.5597 ft. 
2g 
H, = friction loss per 100 ft. 
D Cw-n| 100 
Hy 0.6441 
n 0.0135 
0.0259 
30 H, 0.5655 
500 n 0.0136 
0.0253 
33 H, | 0.5067 
2.750 n 0.0137 
0.0249 
36 H; 0. 4569 
3.000 n 0.0138 
f 0.0245 
40 H, | 0.4046 
3.333 n 0.0139 
f 0.0241 
42 Hy; 0.3822 
3.500 n 0.0140 
0.0239 
44 H, | 0.3614 
3.670 n 0.0141 
| 0.0237 
48 Hy 0.3274 
4.000 n 0.0142 
f 0.0234 
54 Hy 0.2861 
4.500 n 0.0143 
f 0.0230 
60 Hy 0.2518 
5.000 n 0.0145 
0.0225 
66 Hy 0.2250 
5.500 n 0 0146 
| 0.0221 
72 Hy; 0.2034 
6.090 n | 0.2147 
f 0.0218 
|| Cw 100 


LEO HUDSON 


TABLE 1 


110 


fps. 


0.5398 


0.0124 
0.0217 


0.4747 
0.0125 
0.0212 


0.4245 
0.0126 
0.0209 


0.3829 
0.0127 
0.0205 


0.3391 
0.0128 
0.0202 


0.3203 
0.0129 
0.0200 


0.3029 


0.0129 
0.0199 


0.2744 
0.0130 
0.0196 


0.2398 
0.0131 
0.0193 


0.2110 
0.0132 
0.0189 


0.1886 


0.0133 
0.0185 


0.1704 


0.0134 
0.0183 


120 130 
0.4592 0.3961 
0.0114 0.0106 
0.0185 0.0159 
0.4039 0. 3484 
0.0115 0.0107 
0.0189 0.0156 
0.3613 6. 3116 
0.0116 0.0108 
0.0178 0.0153 
0.3258 0.2810 
0.0117 0.0109 
0.0175 0.0151 
0.2885 0.2488 
0.0118 0.0109 
0.0172 0.0148 
0.2725 0.2351 
0.0119 0.0110 
0.0170 0.0147 
0.2577 | 0.2223 
0.0119 | 0.0110 
0.0169 | 0.0146 
0.2334 0. 2014 
0.0120 0.0111 
0.0167 0.0144 
0.2040 0. 1760 
0.0121 0.0112 
0.0164 0.0142 
0.1795 0.1549 
0.0122 0.0113 
0.0160 0.0138 
0.1604 | 0.1384 
0.0123 | 0.0114 
0.0158 0.0136 
0.1450 0.1251 
0.0124 0.0115 
0.0155 0.0134 
120 130 


Jour. AWWs 


June - 


it 
V (fps, 
mgd. X 694.4 (700) = gpm! 
140 150 lefs, 
0.3452 0.3040 23.8% 
0.0099 0.0093 15.419 
0.0139 | 0.0122 
0.3036 0.2674 29.454 
0.0100 | 0.0094 19.037 
0.0135 | 0.0119 
0.2716 0. 2302 35.640 
0.0101 | 0.0094 || 23.035 
0.0133 | 0.0118 
0.2449 0.2157 |) 42.414 
0.0101 | 0.0095 | 27.413 
0.0131 | 0.0116 |. 
0.2169 | 0.1910 |) 52.362 
0.0102 | 0.0196 32.679 
0.0129 | 0.0114 
0.2049 0.1804 57.726 
0.0103 | 0.0097 37.309 
0.0128 0.0113 
0.1937 0.1706 63.144 
0.0103 | 0.0097 40.811 
0.0127. 0.0112 
0. 1755 0.1545 75. 306 
0.0104 0.0097 48.730 
0.0125 0.0111 
0.1533. 0.1350 95.424 
0.0105 | 0.0098 61.674 
0.0123 0.0109 
0.1350 | 0.1188 | 117.810 
0.0106 | 0.0099 76.142 
0.0121 | 0.0106 
0.1206 | 0.1062 || 142.548 
0.0107 | 0.0100 92.131 | 
0.0118 | 0.0104 || 
| 0.1090 | 0.0960 | 169.64 
0.0107 0.0101 109.644 
0.0117 | 0.0103 
140 | 150 Q' mgd 


= 
|_| 
; (: 
7 
6.9 
3 
: 
1 
10. 
| 
1 
2 
110 | 
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TABLE 1 (contd. ) 

e = La 0.5597 ft. Area A (sq.ft.) = 0 = 4 
V V=6 fps. (fps. 
= gpmj 4, = friction loss per 100 ft. mgd. X 694.4 (700) = gpm. 2 
mad Di, || Cw-H| 100 120 130 140 150 
23.85%) 78 Hy 0.1842 | 0.1544 0.1313 | 0.1133 | 0.0987 | 0.0869 | 199.098 a 
15.419) 6.500 n 0.0148 0.0135 0.0125 | 0.0116 0.0108 0.0101 128.680 

f 0.0214 0.0179 0.0153 0.0132 0.0115 | 0.0101 
29.4548 84 H; 0.1700 | 0.1425 | 0.1212 | 0.1046 | 0.0911 / 0.0802 || 230.910 
19.0375 7,000 n 0.0149 | 0.0136 | 0.0126 0.0117 0.0109 | 0.0102 || 149.241 
f | 0.0213 | 0.0178 | 0.0152 | 0.0131 | 0.0114 | 0.0101 
35.6401 90 Hy | 0.1574 | 0.1319 | 0.1122 | 0.0968 "0.0844 0.0743 | 265.074 
23.035) 7,500 | n 0.0149 | 0.0137 | 0.0126 | 0.0117 | 0.0109 | 0.0103 | 171.322 
| f 0.0211 | 0.0177 | 0.0150 | 0.0130 | 0.0113 | 0.0100 
42.44) 96 | H; ! 0. 1463 | 0.1226 | 0.1043 | 0.0900 | 0.0784 | 0.0691 | 301.584 
27.413) 8.000 n | 0.0150 | 0.0138 | 0.0127 | 0.0118 | 0.0110 | 0.0103 |, 194.923 
f | 0.0209 | 0.0175 | 0.0149 | 0.0129 | 0.0112 | 0.0099 || 
52.362 102 H; 0.1360 | 0.1140 0.0970 0.0836 0.0729 | 0.0642 340.470 
32.6799) 8.500 n | 0.0151 | 0.0138 0.0128 0.0118 0.0111 | 9.0104 || 220.052 
f | 0.0207 | 0.0173 | 0.0148 | 0.0127 | 0.0111 | 0.0098 || 
57.7268 108 Hy | 0.1271 | 0.1065 | 0.0906 | 0.0782 | 0.0681 | 0.0600 || 381.702 
37.309 F 9,000 n | 0.0152 | 0.0139 | 0.0128 | 0.0119 | 0.0111 | 0.0104 || 246.700 
f 0.0204 | 0.0171 | 0.0146 | 0.0125 | 0.0109 | 0.0096 | Bs 
63.16) 114 | Hy | 0.1191 | 0.0998 | 0.0849 | 0.0732 | 0.0638 | 0.0862 || 425.292 = 
40.811) 9.500 | m | 0.0152 | 0.0139 | 0.0129 | 0.0120 | 0.0112 | 0.0105 || 274.873 ne 
|| f | 0.0202 | 0.0169 | 0.0144 | 0.0124 | 0.0108 | 0.0095 | ie 
75.39% 120 | Hy | 0.1122 | 0.0940 | 0.0800 | 0.0690. 0.0601 | 0.0530 || 471. 240 
48.7305 10.000 || n | 0.0153 | 0.0140 | 0.0129 | 0.0120 | 0.0112 | 0.0105 | 304. 570 ; 
f | 0.0200 | 0.0168 | 0.0143 | 0.0123 | 0.0107 | 0.0094 | 
544F 126 H; | 0.1073 | 0.0899 0.0765 | 0.0659 0.0575 | 0.0506 || 519. 540. 
1.674) 10.500 ||} m» | 0.0154 | 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 1 335.788 2 
f | 0.0199 | 0.0167 | 0.0142 L 0.0122 | 0.0106 | 0.0094 | ; 
17.810) 0.1004 | 0.0841 0.0716 0.0617 "0.0538 0.0474 | 570.199 
6.142) 11.000 n | 0.0154 | 0.0141 | 0.0130 | 0.0121 | 0.0113 | 0.0106 || 368.528 
f 0.0197 | 0.0165 | 0.0140 | 0.0121 | 0.0106 | 0.0093 | 
}2.548 138 0.0956 0.0801 0.0682 0.0588. | 0.0512 | 0.0451 | 623.214 
2.131) 11.500 || nm 0.0155 | 0.0142 | 0.0131 | 0.0121 | 0.0113 | 0.0106 || 402.794 
| ff 0.0195 | 0.0163 | 0.0139 | 0.0120 | 0.0105 | 0.0092 || 
9.64) 144 H; 0.0908 | 0.0761 | 0.0647 | 0.0558 | 0.0487 | 0.0428 | 678.582 
9.64 § 12.000 || 0.0155 | 0.0142 0.0131 | 0.0122 0.0114 | 0.0107 || 438.579 
| f | 0.0194 | 0.0163 | 0.0138 | 0.0119 | 0.0104 | 0.0091 IL 
‘mgd Cw-n| 100 | 110 | 120 130 140 | 150 


= 


TABLE 2 
Multiplying Factors K* Corresponding to Various Values of Williams-Hazen C and Darcy { 
40 | 5.457 70 1.936 | 100f | 1.000 | 130 0.615 
41 | 5.213 71 1.886 | 101 0.982 || 131 0.606 
42 | 4.986 72 | 1.837 || 102 0.964 || 132 | 0,598 
43 | 4.773 73, | #+1.791 || 103 | 0.947 || 133 | 0,590 
44 | 4.574 74 1.747 | 104 | 0,930 134 | 0.582 
45 4.388 75 1.704 | 105 | 0.914 | 135 | 0.574 
46 | 4.213 || 76 1.662 | 106 0.898 || 136 | 0.566 
47 4.048 17 1.623 107 0.882 137 | 0.558 
48 | 3893 || 78 | 1.584 108 0.867 || 138 0.551 
49 3748 (1.547 109 0.852 || 139 | 0.543 
50 | 3.610 80 | 1.512 || 110 0.838 | 140 | 0,536 
| 3.480 gi | 1477 0.824 141 | 0.529 
52 | 3.370 82 | 1.444 || 112 0.811 | 142 | 0.522 
53 | 3.241 83 | 1.412 } 113 0.797 143 0.516 
54 | 3.131 | 84 | 1381 || 114 0.785 | 144 0.509 
55 | 3.026 || 85 | 1.351 |) 115 0.772 | 145 0.503 
56 | (2.927 | 86 | 1.322 || 116 0.760 | 146 | 0.496 
57. | 2.832 || 87 1.294 | 0.748 147 | 0.490 
58 | 2.742 || 88 | 1.267 | 118 | 0.736 || 148 0.484 
59 (2.657 89 | 1.241 119 | 0.725 | 149 | 0.478 
60 | 2.576 | 90 1.215 |} 120 0.713 || 150 | 0.472 
61 | 2498 || 91 1.191 | 121 0.703 151 | 0.466 
62 | 2424 | 92 | 1.167 122 0.692 | 152 (0.461 
63 2.353, || 93 | 1.144 | 123 | 0.682 || 153 | 0.455 
64 | 2.285 94 | 1.121 124 | 0671 || 154 0.449 
65 2.221 || 95 1.100 || 125 | 0.661 155 0.444 
66 2.159 | | 9 | 1.079 || 126 0.652 | 156 0.439 
67 2.099 || 97 1.058 | 127 0.642 157 0.434 
68 2.043 || 98 1.038 | 128 0.633 158 | 0.429 
69 1.988 | 99 1.019 129 (0.624 | 159 0.424 


* These values of ‘‘K’’ are the ratio of C'** to 
C582 where C = 100. They are to be applied 
to Hy (friction head loss per 100 ft. of pipe) and 
to values of “f’’ in the Darcy formula. For 
example, the value of C!* when C = 100 is 


5,058.3. The value of C’! when C’ = 130 
is 8,223. Then Crise ~ 9205 ~ 0.615. In 


the Williams-Hazen formula, when the C of a 
48-in. pipe equals 100, Hy; = 0.090 when 
V =3 fps. Then 0.090 X 0.615 = 0.0553, 
which is the friction head loss per 100 ft. 
of 48-in. pipe at a velocity of 3 fps. when 
C’ = 130. Also, the factors apply to the 
values of ‘“f”’ in the Darcy formula (Eq. 3). 
For a 48-in. pipe and at a velocity of 3 fps. 
“f" = 0257. Then .0257 X .615 = .0158 
which is the value of “f"’ for a 48-in. pipe 
when V = 3 fps. and when C = 130. 

These factors ‘“‘K’’ may also be used to tie 


in the Williams-Hazen formula with the 


R-f formulas to make f dimensionless. For 
example, in Fig. 2, for a 6-in. pipe at a ve- 


locity of 3 fps., the Reynolds number R, 
when the kinematic viscosity of water at 
50°F. is 0.0000141, is 17,000. This R line 
intersects the ‘‘smooth” line at a point corre- 
sponding to f = 0.02. In Table 1, the value 
of f when C = 100 is given as 0.0366 for a 
6-in. pipe at a velocity of 3 fps This 0.02 
divided by 0.0366 = 0.546, which is the K 
factor for C = 139. Again where the R line 
in Fig. 2 crosses = = 10, the corresponding f 
is 0.07. This r is the radius of the pipe in 


inches. 


Now when C = 100, f = 0.0366 for a 
0.07 


Then : = 10, or 10k = 3, ork = 0.3 


in. 
velocity of 3 fps. in 6-in. pipe. 
= 1.9 and, in Table 2, K = 1.9 corresponds 
to C= 71. Therefore the “‘average’’ height 
of the tubercles is 0.3 in. for C = 71 when 
f = 0.07 in a 6-in. pipe when the velocity is 
3 fps. 
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juids. The R parameter is impor- 
‘ant because it uses a rational ap- 
proach and provides a competent 
standard by which all purely em- 
pirical formulas may be measured. 

In the flow of water through pipe- 
ines, there are two critical velocities: 
the velocity below which streamline 
fow exists, and the velocity above 
which turbulent flow exists. At 50°F., 


Until recently the impression was 
that friction head loss was due to the 
flow of water immediately adjacent 
to the wall of the pipe. Later experi- 
ments indicate that there is no ve- 
locity at the wall of the pipe. The 
friction is due to the water molecules 
sliding past one another, and this 
friction is increased by the eddy flow 
of the water near the pipe surface. 


2 6 810% 2 6810° 2 2 
/ RVf 1 7 0.15 
4. 7 4. 4. 0.05 
4/+ 
5 FLaminar 50 L L L L 0.04 
1 R 
ii \ 
lb = 0.02 
Boundary Material (New) & (ft.) 
8 Wrought Iron, Steel 0.00015 2,000 : 0.016 
|. Asphalted Cast Iron 0.00040 = 5.060 0.014 
9 Galvanized Iron 0.00050; 
Wood Stave 6x10~* to3x10~3 20 = 
10}- Concrete 10-? to 0.010 
| Riveted Steel 3x10-? to3x107? 100.000 
10? 2 4 6 8403 2 4 6 8104 2 4 6 840° 2 4 6 a 
3 
D2 
RVf= 26S Courtesy Prof. Hunter Rouse 


Fic. 2. Proposed Resistance Diagram for Commercial Pipe 


Reynolds’ earlier experiments gave 
the lower critical velocity as 0.69 fps. 


for -in. pipe and 0.029 fps. for 12-in. 
pipe. The higher critical velocity 


fps. for 12-in. pipe. 


was 4.34 fps. for 3-in. pipe and 0.181 


Therefore, in 


small size pipe, there may be stream- 
line flow at very high velocities; but 
streamline flow takes place only at 
very low velocities in large pipe. 


The energy lost by friction is dissi- 
pated as heat and is the cause of a 
drop in pressure in a pipeline when 
water flows through it. Whether a 
liquid has a streamline flow or an 
eddy flow depends upon the viscosity 
of the fluid; and this, in turn, depends 
upon its temperature. Also, experi- 
ments indicate that ‘‘critical velocity”’ 
is not a definite velocity but a region 
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of transition from streamline or vis- 
cous flow to turbulent or eddy flow. 

When we speak of the ‘‘velocity”’ 
of water we mean the ‘“‘mean”’ velocity 
of the water; this is zero at the imme- 
diate surface of the pipe and increases 
to its maximum at the center. For 
very smooth pipe there is a film of 
water at the surface called _ the 
“laminar film.”’ In rougher pipe, 
eddy currents are caused. This film 
amounts to from about 3} to ¢ in. 
and depends primarily on the magni- 
tude of the mean velocity. The 
higher the mean velocity, the thinner 
the film. 

The “average” (and this means the 
weighted average) of the projections 
of roughness on the pipe wall is indi- 
cated by k, and, when the projections 
are small and b is less than the thick- 
ness of the film, the roughness has 
little influence on the character of the 
flow. When the projections are about 
1 the thickness of the film, the pipe 
surface has no influence at all on the 
character of the flow. When the pro- 
jections penetrate the film, however, 
eddy currents are caused, and the 
flow becomes turbulent to the extent 
of these penetrations. If the pene- 
trations are very close together, the 
film is destroyed, and the flow becomes 
“completely turbulent.” The Reyn- 
olds number is inapplicable to com- 
pletely turbulent flow. In long trans- 
mission pipelines, where the flow is 
uniform and the mean velocity is rela- 
tively low, the flow may not reach 
the completely turbulent stage at all, 
and roughness, beyond a certain stage, 
need not be considered. 

When the projections are large, 
however, f, as a dimensionless func- 
tion, provides a means of measuring 
the value of &. This is very valuable 
even in completely turbulent flows. 
It is for this reason that, in the turbu- 
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lent area of Fig. 2, provided by Pry 50° 
Hunter Rouse (1), the lines which rep the 
resent different degrees of the valued Th 
r/k are horizontal, and, where the J atn 
curves strike these lines, qur 
values of f may be determined, § jn’ 
relative values of f are known § \V 
terms of any formula for which th) The 
corresponding values of different o¢ the 
efficients are known, one of them maf hav 
be taken as a base to find the valy@ sho 
of f for other coefficients. Also, # test 
the values of f in terms of arbitragh coll 
coefficients are known, those valya@ 


may be related to the Reynolds nun} of f 
TABLE 3 
Kinematic Viscosity of Water for Normal 
Temperatures at Atmospheric 
Pressure 
Temperature Kinematic = 
oF, Viscosity 
32° 1.93 10-5 
40° 1.67 X 10° 4 
50° 1.41 x 10% 6 
60° 1.21 x 10° 
70° 1.05 xX 10° — 
80° 0.930 X 10-8 
90° 0.823 X 10-5 
100° 0.736 X 10-5 Com 
150° 0.476 X 10-6 
180° 0.385 X 10° of f 
212° 0.319 X tical 
ber parameter. Examples of thisa Fam 
given in Table 2 in terms of t form 
Williams-Hazen formula. 
In water distribution systems 120, 
water may be turbulent for otha !f: 
reasons than the roughness of ti 4d 
pipe walls, such as: inlets and outlet 50°F 
rough joints, surge flows and so oof f 
Uniform flows are therefore importa 0.01; 
in using the Reynolds parameter of 
determine pipe wall conditions in 4 Alla 
pipelines. In water distribution 9§ N,¢ 
tems, except in the small hours of thf term, 
morning, the water is always apt # \,,, 
be turbulent. Generally the t Willi 


perature will be found to be close! 


'3 
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by Prof 90°F., and the kinematic viscosity of 
hich reg the water will be close to 0.0000141. 
valued The kinematic viscosities of water at 
re the Batmospheric pressure for tempera- 
relatiys ures apt to be encountered are given 
ned, § jn Table 3. 

10wn i Water is not a very viscous fluid. 
hich thi The difference in temperature and 
rent eq therefore kinematic viscosity does not 
em ma have a great effect on the flow, but it 
€ valug should never be neglected in making 
Also, # tests. Tables 4 and 5 present data 
rbitrart collected by Julian Hinds (2) which 
> valu show the relation of different values 
ds nung of f to R. 


TABLE 4 

Vormal Effect of Temperature Change Upon 

. Friction Factor { of Smooth Pipe 
Temp. Reynolds Friction Percentage 
oF, Number (R)| Factor (f) Change 
0° 7,300 | 0.0336 | 109 
60° | 10,000 0.0309 | 100 
13,200 0.0287 93 


Comparison of Formulas 


Figure 1 shows the relative values 
of f for the Manning, Kutter (prac- 
tically the same as in Manning), 
Fanning, Williams-Hazen and the R 
formulas. The Williams-Hazen val- 
ues of f are for C equal to 100, 110, 
120, 130, 140 and 150. The R values 


and 0.00085, and a temperature of 
50°F. The Manning (Kutter) values 


0.013 and 0.015. The Fanning values 
of f are as listed in his Treatise (3). 
All are in terms of a velocity of 3 fps. 

No reconciliation can be found in 
terms of a uniform value of m for the 
Manning (Kutter) formula with the 
| Williams-Hazen formula. No recon- 
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ciliation can be found for the Fanning 
and the Williams-Hazen formulas. 
The Williams-Hazen formula and the 
R formulas cannot be completely 
reconciled for the entire range be- 
tween 4-in. and 96-in. pipe, but above 
18-in. a very close reconciliation is 
found. For pipe from 4 to 18 in. in 
diameter, a close reconciliation is 
found in terms of the next higher 
values of f in terms of the next lower 
values of C. This reconciliation is 
close enough to establish the Williams- 
Hazen formula for general design and 
testing purposes. 


TABLE 5 


Effect of Temperature Change Upon 
Friction Factor f of Rough Pipe 


| 
Temp. | Reynolds |_ Friction | Percentage 


°F; Number (R) | Factor (f) | Change 
40° | 7,300,000 | 0.00849 | 105 
60° 10,000,000 | 0.00810 | 
80° 13,200,000 | 0.00779 | 96 
Conclusion 


This reconciliation seems to sup- 
port the general conclusions that, for 
pipeline designing, the Manning (Kut- 
ter) formula and the Fanning values 
of f should be abandoned, and that 
the Williams-Hazen formula should be 
established as the best formula in 
comparison with the R parameter. 
The Williams-Hazen formula in terms 
of its several values of C has a very 
concrete meaning in the minds of 
most engineers, Public Service Com- 
missioners, city officials and lawyers. 
If a slight deviation can be made, as 
for pipe from 4 to 18 in., there is no 
reason for its abandonment. The 
objection to the Williams-Hazen for- 
mula is that, in its usual form, C is 


= 

this af 2 
of 4 
ms 
> oth of f are for k (in feet) equal to 0.0004 
so oof f are for m equal uniformly at 
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dimensional. This makes it difficult 
to take direct account of the effect of 
pipe roughness on the value of Wil- 
liams-Hazen coefficients. Also, in its 
present form it is difficult to use with- 
out aid by tables and other devices. 
By translating the different values of 
the Williams-Hazen C into values of 
f in the Darcy formula, both of these 
objections are eliminated. At the 
same time, the use of these values of 
C and the great advantages they offer 
are retained. The value of the de- 
velopments in establishing the R 
parameter is realized and, by the 


List of 
A Area of pipe (in square feet) 
C —Coefficient in Chezy formula 
Cw-n—Coefficient in Williams-Hazen 
formula* 
D ‘Diameter of pipe (in feet) 
d ‘Diameter of pipe (in inches) 
f —Friction factor in Darcy for- 
mula 
g —Acceleration of gravity (taken 


as 32.16 ft. per sec.’) 

Il; —Friction head loss in 100 ft. of 
pipe 

K —Multiplying factor  corre- 
sponding to various values 
of Williams-Hazen C and 
Darcy f. 


*Where Cw_y is used in a direct state- 
ment in terms of the Williams-Hazen formula, 
it is referred to as C. 


Jour. A 


use of the Rouse chart (Fig. 2) and 
Tables 1 and 2, it is believed that ¢ 

advantages of both systems nasil 
fully realized. 
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Symbols 


k —Height of surface roughness o 
some linear dimension re 
resenting average height 
form and distribution 
such projections (used in 
parameter) 

~-~—Length of pipe in feet 

n —Coefficient of roughness ; 
Manning and Kutter i 
mulas 

Q  —Discharge (in cubic feet pej 
second) = AV 

D) 


—Hydraulic radius of pipe (7 


—Reynolds number 
—Geometrical radius of pipe 
—Slope of pipe per foot (sine 0 
slope angle) 
V —Mean velocity (in feet pe 
second) 
v(nu) —Kinematic viscosity 
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CHEMICAL ANALYSIS 


Colorimetric Determination of Iron, Man- 
ganese, Phosphate, and Silicic Acid. W 
TEICHERT. Iva (Swedish), 17: 135 ('46) 
Tests carried out to find rapid and accurati 
methods suited for boiler-water anal. of smal 
amts. of above substances. Detns. of Fe, 
POs, and SiOz partly based on previous work, 
while new method found for Mn. Tests 
carried out in 100-ml. vessel in layer thick- 
nesses of 34 mm. and with a BG7 color filter 
(bluish green) with max. light transmission 
between 4700 and 4800A. In Fe detn. in 
quants. greater than 0.1 mg./l., 100 ml. of 
water used and 200 ml. for less than 0.1 mg./l. 
Add 10 ml. 5 N HCl and 5 ml. 3% H.O,/100 
ml, sample and boil. After cooling to room 
temp. add 5 ml. 7.5 4 NH,CNS per 100 ml. 
sample. Extract immediately with amyl 
alc.-amyl acetate mixt. and det. light absorp- 
tion immediately. Amts. present detd. by 
comparison with extinction E of sample soln. 
of known Fe content (between 0.005 and 
0,008 mg.) and applying law of Beer. For 
detn. of Mn in quants. of less than 0.1 mg./I. 
add to 100 ml. of water sample 5 ml. 12 NV 
H,SO,, 0.05 ml. 0.01 N AgeSO, soln., and 1 g. 
(NH4)2S,0s. Heat to boiling in flask covered 
with watch glass and keep boiling evenly for 
20 min. After fast cooling to room temp. 
add 10 ml. of a 1:1 (by vol.) mixt. of 1% KI 
and 1% starch. Det. absorption 10-15 min. 
after addn. of KI-starch soln. Carry out 2 
blank tests. Det. Mn content in sample 
either with calibration curve or arithmetically. 
Phosphate ion detd. in 100 ml. of water, at 
higher concn. in smaller quant. dild. to 100 
ml. Add 5 ml. 12 N H2SQ, if yellow-colored 
H; [PO4.12 MoO; ] is to be reduced to Mo blue 
by Rodinol (a photographic developer contg. 
p-aminophenol as reducing agent) or add 7.5 


ml. of 12 N H2SO, if Rullex (developer contg. 
substituted aminophenol) is used. Then 
after 3 min. add 5 ml. (NH4)2MoO, soln. 
(50 g./l.) and after 2 min. add 5 ml. of undild. 
leveloper. Stir until all liberated SO, is 
removed. Then sample has to stand 15 min. 
before absorption reaches const. value. Com- 
pare with standard. For detn. of SiO. add 
to 30 ml. of water sample 15 ml. 0.25 N HCl 
and 15 ml. (NH4)eMoQ, soln. (100 g./l.). 
After 5 min. add 30 ml. of soln. of 170 g. 
Na2SO; in 1 liter water and det. absorption 
exactly 1 min. after addn. of Na2SO; soln. 
Since temp. affects velocity of development of 
blue coloration, measurements must be made 
at same temp. (+2°). Measuring range of 
method is from 0 to 1.4 mg. SiO, per sample. 
Accuracy does not decrease with smaller 
samples dild. to 30 ml. Results agree within 
+0.05 mg. SiO2:. Comparative results of all 
4 methods given in 16 tables and 11 graphs. 
—C.A. 


Polarigraphic Determination of Sodium and 
Lithium in Natural Waters. A. A. REzNI- 
KOV & A. S. S. SMaGinA. Trudy. Vsesoyuz. 
Kong. anal. Khim. (U.S.S.R.) 2: 559 (’43). 
Study of polarigraphic detn. of sodium and 
lithium in natural waters presented. Expts. 
made to det. sodium in presence of potassium, 
lithium in presence of sodium and potassium, 
sodium and lithium in presence of other sub- 
stances commonly found in natural waters, 
and sodium and lithium in natural waters of 
various compns. Results showed that when 
pure solns. of sodium salts used, concns. of 
solns. directly proportional to wave heights 
of sodium. In detg. sodium polarigraphi- 
cally, max. error + 3%. Interference with 
detn. of sodium caused by presence of cal- 
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cium, magnesium, iron and potassium ions 
which must, therefore, be removed or con- 
verted into complex ions before detn. made. 
Calcium, magnesium and iron removed by 
adding excess of tetramethylammonium hy- 
droxide, which also acts as indifferent electro- 
lyte in polarigraphic detn. In _ procedure 
recommended, given vol. of sample contg. 
sodium, potassium, calcium, magnesium and 
iron treated with equal vol. of magnesium 
dipicrylamine to ppt. potassium; after inter- 
val of 20-30 min., amt. of 0.1 to 0.2.N tetra- 
methylammonium hydroxide just in excess 
of that required to ppt. calcium, magnesium 
and iron added to aliquot portion of soln. 
After 30 min., aliquot portion of clear soln. 
taken and content of sodium detd. polari- 
graphically. Lithium must be separated 
from sodium and potassium before it can be 
detd. polarigraphically. Method for separa- 
tion of lithium, based on fact that lithium 
chloride soluble in acetone, described.—- 
W.P.R. 


Bromide Content of Underground Waters. 
I. Determination and Occurrence of Traces 
of Bromide in Water. G.U.HouGutTon. J. 
Soc. Chem. Ind. (Br.), 65: 277 (’46). Volu- 
metric method of d’Ans and Hofer and colori- 
metric phenol red procedure of Stenger and 
Kolthoff compared. Former, slightly modi- 
fied, gave best results. In modified proce- 
dure, sample contg. 50-1000 y of Br taken. 
Fe, if present, removed by evapg. sample to 
dryness and extending residue with hot water. 
Filtered extract or original sample in absence 
of Fe, evapd. to 2-3 ml., and 2 ml. phosphate 
buffer (22.5 g. KH2PO, and 90 ml. N NaOH 
dild. to 200 ml.), 4 ml. NaCl soln. (25 g. 
NaCl1/100 ml.), and 10 ml. Cl water (1 ml. 
equiv. to 2.0 mg. available Cl) were added. 
After refluxing for 15 min. 2 ml. NaCOOH 
(10 g./100 ml.) added, and soln. heated for 5 
min., cooled to 25°, and treated with 3 drops 
NH, molybdate (10 g./100 ml.), 1 ml. KI 
(5 g./100 ml.), and 5 ml. HCI (25 ml. coned. 
HCI in 100 ml.). After standing in dark for 
5 min., liberated I was titrated with 0.001 N 
thiosulfate. Qual. tests showed absence of 
bromate in samples analyzed. In most cases 
Cl/Br ratio found in 30 well water sampies 
approximated that found in sea water (300: 1). 
Range of Br content 0.026-2.26 ppm. II. 
Chlorination of Water Containing Free Am- 
monia and Naturally Occurring Bromide. 
Ibid., 324. With acid o-t. test for free Cl, 
color completely developed in 60 sec. when 
over 0.5 ppm. of Br also present. The Laux 
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flash test for distinguishing between free ( 
and chloramines cannot be applied in pres. 
ence of Br. Br does not interfere in neutra| 
o-t. test or in Palin procedure using p-amino. 
dimethylaniline. Br found partially to offse; 
lag in rate of sterilization due to NH;. |p 
absence of org. matter 1 ppm. Br increased 
rate of sterilization by chloramine markedly 
while in some cases 0.25 ppm. Br had ap. 
preciable effect. On addn. of free Br to water 
contg. NH; curve similar to break-point 
curve for Cl obtained; thus indicates tha 
bromamines formed in dil. aq. soln.—C.4. 


Volumetric Method for Determining Sulfate 
in Water. D. C. Aznar. Farm. nueva 
(It.), 7: 412 ('42); Chem. Zentr. (Ger.), 2: 
2508 (’42). In method for detg. sulfate jp 
water, 100 ml. of water heated and 20 ml, of 
soln. of barium chloride contg. 0.305% BaCh, 
2H:0 added. Next are added 5-6 g, of 
sodium acetate and 20 ml. of a 0,18379% 
soln. of potassium dichromate. Mixt. filtered: 
200 ml. of filtrate refiltered and first part of 
filtrate rejected. To 100 ml. of remainder of 
filtrate are added 1 g. of potassium iodide and 
10 ml. of hydrochloric acid; soln. titrated 
against sodium thiosulfate—W.P.R. 


A Simplified Method for Potentiometric 
Determination of Sulfates in Natural Waters. 


N. I. Voros’Ev. Zavodskaya Lab. (US. 
S.R.), 12: 375 ('46). Method based on 
potentiometric titration with K2CrO, of 


excess Ba** remaining after pptn. of sulfates, 
Titration carried out with air electrode (Pt 
electrode satd. with air) which reacts rapidly 
to any changes in pH value. During titra. 
tion of excess with CrO,—~, free 
appears after pptn. of all Ba**, and. reacts 
thus: 2CrOQ.>- + 2H*+ = 2HCr0O, = 
+ H:0. Decrease in concn. of H* 
at equiv. point manifested by jump in poten- 
tial of air electrode. Exptl. error did not 
exceed 1% in all cases when quant. of SO,;~ 
not less than 5 mg. (50-100 mg./l.). Some. 
times error reached 5% when quant. of SO,” 
in sample soln. less than 5 mg.—C.A. 


Titrimetric Determination of Sulfate in 
Natural Waters and Soil Extracts. E. C 
CANTINO. Soil Sci., 61: 361 ('46). Empiti- 
cal method given for detn. of sulfate in water 
soln. Sulfate pptd. in acid soln. with BaCr0, 
excess Ba elimd. by making soln. alk. Re 
maining chromate detd. by titrating with 
thiosulfate. Sulfate content ascertained by 
comparison with std. curve giving mg. d 
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sulfate as function of ml. of thiosulfate. 
Adherence to exact procedure emphasized. 
When vol. of indicator used increased from 2 
to 10 drops, deviation of sulfate value from 
original content increases from 0.3% to 8.2%. 
With increase from 100 ml. of wash water to 
200 ml., deviation from original content in- 
creases from 2.8% to 4.1%. Anals. of 
synthetic solns. show that ions Na, K, Ca, 
Mg, and nitrate do not seriously interfere in 
sulfate detn. With Na, K, and nitrate ions 
present in excess of 100 mg., and Ca and Mg 
ions present to that extent, deviation from 
original sulfate content zero in soln. contg. 
originally 6.4 mg. of sulfate, and deviation 
0.8% in soln. contg. originally 25.5 mg. of 
sulfate. Data for anals. of 5 samples of water 
show that deviation from original sulfate 
content, detd. gravimetrically, ranges from 
0.2% to 1.2%.—C.A. 


Determinations of Chlorides in Water. W. 
SCHNEEBELI & M. Straus. Mitt. Lebensm. 
Hyg. (Swiss), 36: 20 (45). Colorimetric 
method for serial detns. of chlorides in drink- 
ing and waste water described which gives 
better results than customary titrimetric 
method. Excess of AgNO; added to water 
which contains 1 ml. KsCrO, per 100 ml. 
water. Red-brown coloration which devel- 
ops compared with color of known test solns. 


-C.A. 


Rapid Method for the Determination of 
Oxygen in Water. A. G. KosBLyAnskil. J. 
Applied Chem. (U.S.S.R.) 18: 725 (’45). 
Water to be tested (10 ml.) introduced into 
13-14 ml. test tube, few drops of Mohr’s salt 
soln. (0.02 N Fe, 0.1 N HeSO,4) added, and 
soln. covered with 1 ml. petr. ether to ex- 
clude O, and finally 1 ml. of a buffer soln. 
(satd. aq. NH,Cl:concd. aq. NH; = 1:1) 
added. After 1 min. 2-3 drops of satd. alec. 
soln. of dimethylglyoxime added. Bright 
red color indicates that too much Fe*+* was 
added and test repeated with less Mohr’s salt 
soln. until exact amt. of Fe+* required detd. 
Correction to be applied for O contained in 
solns. used amts. to about 0.3-0.6 drops of 
Mohr’s salt soln. for an O content of 0.5—4 
mg./l. Method less accurate than other 
known methods, but can be carried out in 
3+4 min.—C.A. 


Twenty Years’ Experience With the Dis- 
solved-Oxygen Absorption Test in China. 
W.E. Assorr. J. Soc. Chem. Ind. (Br.), 65: 
87 ('46). For simplicity suggested that 3- 
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day incubation at 20°C. be used, or alterna- 
tively 2 days at 30°C. Although course of 
oxidation of C variable at const. temp., below 
20°C. it can sometimes be represented by an 
autocatalytic type equation.—C.A. 


Method for Calcium-Sequestering Value of 
Phosphate Water Conditioners. B. C. 
HAFFORD, FRED LEONARD & R. W. CUMMINS. 
Ind. Eng. Chem.—Anal. Ed. 18: 411 ('46). 
A 4-g. sample of phosphate dild. to 250 ml. 
and filtered. A 25-ml. aliquot adjusted to 
pH 10 with 0.1 N NaOH and dild. to 55 ml. 
in optical cell. This soln. titrated with std. 
CaCl, (2.5 g. Ca per |.). Percentage trans- 
mittance detd. and end-point detd. from 
intersection of 2 straight lines on plot of 
percentage transmittance vs. ml. CaCl. Ca 
value (g. Ca sequestered per 100 g. sample) 
calcd. from ml. of standard CaCl: required to 
just start pptn. pH and sample size have 
influence on results, so procedure must be 
rigidly standardized. Method has limit of 
uncertainty of +0.4 for Na tripolyphosphate 
having Ca value of 10.4—C.A. 


The Application of Cacotheline in Volumetric 
Analysis. M. L. KucuMent & A. I. GENG- 
RINOVICH. Zavodskaya Lab. (U.S.S.R.) 11: 
267 ('45). Use of cacotheline, nitro-deriva- 
tive of brucine, as an indicator in detn. of 
calcium and of trivalent iron discussed. J. 
Dein. of calcium salts by direct titration with 
sodium oxalate. In procedure recommended 
for detn. of calcium, 1 ml. of satd. aqueous 
soln. of cacotheline and 1 drop of satd. aque- 
ous soln, of ferrous salt added to sample 
contg. calcium, and soln. then titrated with 
0.1.N soln. of sodium oxalate until violet 
color appears. Percentage error of detns. 
made by this method varied from +0.15 to 
+0.67. More accurate results obtained if 
blank titration first carried out. If calcium 
salt dissolved in dil. acetic acid, detn. of 
calcium can be effected in presence of mag- 
nesium. JJ. Direct detn. of salts of trivalent 
tron by titration with stannous chloride soln. 
In procedure recommended for detn. of tri- 
valent iron, sample contg. ferric ions dild. 
with equal vol. of 4.N hydrochloric acid, 1 
ml. of satd. aqueous soln. of cacotheline 
added and mixt., after it has been heated to 
boiling point, titrated with soln. of stannous 
chloride (prepd. by dissolving 30 g. of stan- 
nous chloride in mixt. contg. 300 ml. of concd. 
hydrochloric acid and 700 ml. of water) until 
violet color appears. Since reaction slow and 
incomplete in cold solns., titration must be 
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carried out while soln. still hot. Percentage 
error of detns. varied from +0.03 to +0.26— 
W.P.R. 


The Reaction Velocity of Ion Exchange. F. 
C. NacHop & W. Woop. J. Am. Chem. Soc. 
66: 1380 (’44); 67: 629 (’45). Study of re- 
action veloc. and mechanism of ion exchange 
presented. In first series of expts., rates of 
exchange of sodium and hydrogen ions by 
various natural and synthetic cation-ex- 
change materials, and of chloride ions by some 
resinous anion-exchange materials measured. 
Results, tabulated and expressed graphically, 
showed that reactions second order, bimole- 
cular reactions and that, in calcg. reaction 
const., concns. could be substituted for acti- 
vities. Rate of exchange of anions found very 
much slower than of cations. In series of 
expts. on cation exchange, reactions all carried 
out at temp. of 27°C. and in every case anion 
Cl- used. Different rates of reaction ob- 
served for various commercial ion-exchange 
materials even when exptl. conditions un- 
changed. From study of effect of temp. on 
rate of exchange with sulfonated carbonaceous 
exchange material, found that at 60°C. rate of 
reaction same as that at 27°C., but at 0°C. 
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reaction proceeded more slowly. Second 
series of expts. made to det. effects of differen 
anions and cations on rate of cation exchange, 
Number of hydrogen-ion-exchange reactions 
studied in which cations were Na* in each 
case and anions were NO; 
HCOs-, HCOO- and CH;COO>- respectively 
Results showed that rate at which equil. ap. 
proached same for different anions, though 
values obtained for exchange capac. very 
much higher with salts of weak acids than 
with salts of strong acids. Same exchange 
material then used to det. rate of exchange of 
hydrogen ions when anions were Cl~ and 
cations were Lit, Nat, Rb*, Cst, Mg++ 
Cat*, Sr** and Ba** respectively. Found 
that cation-exchange capac. increased as 
charge on cation increased, but that rate of 
exchange greater for monovalent than for 
divalent cations. For cations in same 
periodic group, those with low atomic wts, 
exchanged at greater rate and had higher 
equil. consts. than those with high atomic wts, 
Other factors affecting reaction veloc., in. 
cluding rate of diffusion in and out of granules 
of exchange material and size of ions, dis. 
cussed. Description of extpl. procedure 
adopted included.—W. P.R. 


SWIMMING POOLS 


Purification of Swimming Pool Water by 
Continuous Circulation. O. L. RENSONNET. 
Tech. I’ Eau (Belg.) 1: 17 (’47). Description 
of various methods used and comprising pre- 
filtration, pumps for recirculation, coagula- 
tion with alum, rapid sand filters, backwash- 
ing, aeration, sterilization, reheating equip. 
and flow control instruments.—W. Rudolfs. 


Quality and Treatment of Water for 
Swimming Pools. E. LecLerck. Tech, |’ 
Eau (Belg.) 1: 3 (’47). Requirements: an 
object must be seen in 3 m. of water, cor- 
responding to 1 ppm. SiOz, color absent, 
chlorine residual 0.1 to 0.5 ppm., less than 
200 organisms per ml., Esch. coli absent in 
100 ml. In open basins water must circulate 
2 or 3 times a week. Closed pools should have 
min. of 200 1. pure water per bather, circula- 


tion eyery 8 hr. for small pools, and every 10 
Treatment by filtration, 


aeration, sterilization and reheating. Small 


pools used for children contain more bacteria, 
hence require more supervision and control.— 


W. Rudolfs. 


Legislation, Hygiene and Prophylaxy of 
Swimming Pools, Showers, and Baths. A. 
DE WEVER. Tech. |’ Eau (Belg.) 1: 13 ('47), 
General rules and regulations concerning 
operation and use of pools and showers,— 
W. Rudolfs. 


» Results of Several Years’ Observation of a 
Municipal Open-Air Bath in Vienna. E. 
HoFMANN. Gesundh.-Ing. (Ger.), 67: 105 
(44). Observations made for 6 yr. on large 
open-air swimming bath in Vienna. There 
are 4 baths, with total capac. of about 5000 
cu.m. Water, which is obtained from well, is 
recirculated in about 18 hr. in largest bath, 
and in about 16 hr. in each of 3 smaller baths. 
Every day 10% of make-up water added. 
Bath water filtered and chlorinated. Chlo- 
rine added varies from 0.9 to 1.5 g./cu.m. of 
water per hr., according to no. of bathers. 
Water for drinking and for shower baths 
taken from town’s supply. Water for shower 
baths stored in open tank where warmed by 
sun. Copper sulfate in dose of 9 kg./1000 
cu.m. of water used to control algal growths. 
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In routine bact. examn. samples examd. as 
won as possible. To investigate effect of 
keeping samples, 1 series inoculated on 
gelatin plates immediately after collection; 
another series inoculated after being kept in 
lab. for 2 hr. Cultures examd. after 9 days. 
When concn. of free chlorine more than 0.1 
mg./l., nos. of bacteria smaller in samples 
which had been kept in lab., but with samples 
contg. less than 0.1 mg./l. growth of bacteria 
only temporarily checked, and after 7 days 
bact. counts about same in both series. It 
thus appeared that residual concn. of less 
than 0.1 mg. of chlorine per |. insufficient to 
reduce effectively no. of bacteria in bath 
water, and that, to avoid error, samples 
should be examd. as soon as possible. Detn. 
of chlorine demand of well water and of bath 
water before and after treatment showed that 
these values could not be correlated with 
amt. of chlorine necessary for adequate 
treatment of bath water. Detn. of free 
chlorine in bath water only satisfactory 
method of detg. chlorine required, and its 
eflectiveness must be checked by bact. examn. 
Changes in chem. compn. of bath water during 
use examd. Content of ammonia found to 
increase when bathing load heavy and con- 
tent of chlorine 0.03-0.04 mg./l.; with chlorine 
content of 0.1 mg./l. or more only traces of 
ammonia found even with heavy bathing 
load; this suggests that presence of ammonia 
could be used as indication of insufficient 
chlorination. Presence of nitrites on other 
hand of secondary importance as indication 
of condition of water. Efforts have been 
made to use concn. of urine or one of its con- 
stituents as measure of poln.; for this purpose 
detn. of permanganate demand not satis- 
factory as urea and other constituents in- 
completely oxidized by permanganate; in- 
crease in content of chloride also not 
satisfactory indication, as in chlorinated 
water chlorides may be formed during soln. 
of free chlorine in water. There is, however, 
during use of bath water, general increase in 
concn. of nitrate. Author found that during 
period of 54 days nitrate increased from 3.5- 
l¢mg./l. In spite of low bact. counts, such a 
content of nitrate regarded as aesthetically 
undesirable and increase in nitrate over con- 
tent in unused water of more than 10 mg./I. 
has been taken to indicate that bath should 
be refilled with fresh water. Comparative 
ests. of content of suspended solids in water 
obtained by sedimentation tests and by 
detg. amt. of water which would pass through 
cotton-wool filter pad before it became 
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choked; these detns., made on water before 
and after passage through sand filters, used 
to check operation of filters. Concn. of org. 
matter in settleable solids increased rapidly 
with period of use of water and, especially in 
children’s bath, large nos. of micro-organisms 
of animal and plant origin present. Examn. 
of sludge deposited in swimming bath showed 
that it consisted mainly of green algae and 
contained Chlorophyceae and _ chironomid 
larvae. As a whole investigations over 6 yr. 
showed that there was much variation in rate 
at which poln. accumulated in water during 
periods of use. Poln. and bact. counts in- 
creased most rapidly in children’s bath and it 
'-desirable that, in constructing baths, 
children’s bath should always be separate so 
that water can be changed more often than 
in larger baths —W. P.R. 


«A New Way to Get Uniform Circulation. 


CouRTNEY OGBORN. Beach & Pool 17: 8: 5 
(Aug. ’43). Conventional, treated water 
inlets as installed to provide circulation in 
indoor swimming pools overlook several 
factors of physical reaction, thus decreasing 
operation eff. Proposes series of 2 or 3 outlets 
across shallow end close to bottom and 
similar series across deep end with reduced 
vol. of treated water dischg. In addn., 
several small outlets provided along each 
side, close to bottom. Such installation 
involves slightly larger initial expense over 
conventional design but offset by following 
advantages: (1) Provides pos. movement of 
all water from both ends toward pool outlet. 
(2) Takes advantage of warm water tendency 
to rise thus distributing treated water through 
all pool strata. (3) Current along bottom 
following slope will tend to carry heavy, loose 
dirt particles toward outlet, lessening neces- 
sary hand scrubbing. (4) Water splashed 
into scum gutters well mixed and contains 
min. percentage of fresh water. Model pool 
of above design proved advantages when 
operated at different temps., pressures and 
vols. of flow.—Ralph E. Noble. 


. Methods of Water Sterilization. DouGLAs 


Cork. Conf. of Swimming Pool Operators, 
Ill. Dept. Health, sponsored by Chicago Bd. 
of Education (Apr. 28, '43). Ideal sterilizing 
agent for swimming pool water must effec- 
tively kill and inhibit polg. organisms; be 
non-toxic and non-irritative as used, to human 
beings; non-corrosive; easily applied and 
effective concn. of it built up in short time; 
stable; easily controlled; inexpensive; safe to 
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use; algae inhibitor; and available. 


bagging. 


necessary; and safe. Irritant; corrosive; 


unstable; residual varies; not algaecide as 
Chlorine gas, applied by 
Good sterilizer; non-toxic; easily 


used; and scarce. 
pulsator. 
applied and controlled. Irritant; unstable; 
corrosive; expensive due to high first equip. 


cost; not algaecide as used; dangerous as 
Chlorine 


poison gas under h-p.; and scarce. 
liquid, hypochlorite, applied by pumping: 
Good sterilizer; non-toxic; relatively stable 
and non-irritant; non-corrosive; easily applied; 
easily controlled; inexpensive; and safe. Not 
algaecide as used; and scarce. Sodium hypo- 
chlorite, electrolytic cell. Good sterilizer; 
non-toxic; relatively stable and non-irritant; 
easily controlled; plentiful, using only salt 
and elec.; safe, While easily applied, must 
be slow due to no overload capac.; expensive 
due to first equip. high cost; not algaecide as 
used. Liquid bromine, applied by suction. 
Effective sterilizer; non-toxic; non-irritant; 
non-corrosive; easily and rapidly applied; 
stable reading may not be obtained with o-t. 
but water will remain in good condition, as 
proved by lab. test showing continued pres- 
ence of sterilizer; easily controlled; inexpen- 
sive; available and easily obtained; dangerous 
only to careless operator. Bromine not a 
gas or under pressure but slowly vaporizing 
liq., caustic in pure form, causing bad burns. 
Empty glass containers must be changed with 
care by operator.—Ralph E. Noble. 


Swimming Pool Sanitation. ANON. Calif.’s 
Health 1: 6, 28 (July 31, Aug. 31, ’43).  Al- 


though exact manner of poliomyelitis spread 


WATER WORKS 


Types of 
water sterilization with advantages and dis- 
advantages: (1) Chlorine powder, applied by 
Good sterilizer; non-toxic; easily 
applied; relatively inexpensive; equip. un- 
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unknown, pub. interest always focused 99 
swimming during outbreak. Imperative thay 
pool operators heed health officers’ advice ang 
that high san, std. be maintd. at pools remain. 
ing open: All swimmers, particularly children 
should avoid diving and underwater swim, 
ming. Swim with nose and mouth above 
water. Blowing nostrils, spitting in pool and 
on sidewalks and “bellowing”’ shall be pro. 
hibited as much as possible. Encourage and 
require shower baths before entering pool, 
Scum Gutters: Maint. high water level ty 
float scum and sputum continuously to sewer, 
Keep gutters clean, sputum and scum off 
water as much as possible. If gutter drains 
inadequate, install more. Disinfect gutters 
as in Cleaning Floors and Walks: Wash down 
2 or 3 times daily, sprinkle with Cl, solp. 
twice daily. Use 4 oz. of any Cle chem. in § 
gal. of water. Suits and Towels: Thoroughly 
wash, rinse and dry in sun where possible 
before re-using. Excluding Sick Persons. 
Keep out those with symptoms of colds 
inflamed eyes or fever. Prevent children and 
others from remaining in water to point of 
chilling or fatigue. Changing Water: In. 
crease changing frequency wherever feasible, 
especially following heavy patronage, eg, 
with fill-and-draw pools, change water daily 
on weekends and holiday periods, and every 
other day during week. Pools equipped with 
complete disinfection, filters and recirculating 
pumps should also increase changing fre. 
quency as fully as possible. Chlorination: 
Not certain that Cl, kills poliomyelitis virus, 
Nevertheless, maint. not less than 0.2 ppm. 
If customary 0.5 ppm. causes eye sting, re- 
duce it. During epidemic make Cl, tests 3 or 
4 times daily at 5 or 6 different points using 


WATER WORKS ANNUAL REPORTS 


10th Annual Report (1945) Little Rock (Ark.) 
Munic. Water Works. 3 man board. Pop. 
of city 102,200; pop. served, 128,400. Per 
capita production; 72 gpd.; sales 61 gpd.; 
21,662 customers. Income $880,320. Fixed 
assets $7,488,466 and cash reserve $885,268 
offset by capital liabilities and funded re- 
serves of $6,014,932. Surface water supply, 
watershed of 43 sq.mi. normal pptn. of 48”, 
normal run-off of 14 bil.gal., storage reservoir 
of 14 bil.gal. A 39” pipeline 35 mi. long. 


capacity 25 mgd., delivers water to 92-mil.gal. 


o-t. soln. Maint. adequate supply of Ch, 
test materials and o-t.--Ralph FE. Noble, 
auxiliary storage reservoir 15-mgd, 
filtration plant. Water production avgd. 


11.33 mgd. with max. day of 15.11 mil.gal. 
Total hardness of water delivered 30 ppm. 
Electric pumping station rated capac. 12.75 
mgd. Distr. system 125 mi. of 4/24" 
mains and 123 mi. of 1’’-3’’ mains deliver 
the water to 1004 hydrants and 21,526 meters. 
% rate reduction to 99% of customers 
effective Nov. ’45. Cost per 1000 gal. to 
domestic customers: '36, 42.3¢; '45, 35.0¢. 
Fish rearing pond stocked in May produced 


met 
met 
inco 


|| 
Ju 
for 
be 
Pa 
(fo 
org 
con 
1-3 
ser 
Ris 
$15 
ma’ 
resé 
378 
16¢ 
31, 
Ha 
clue 
ties 
ma) 
mg’ 
reve 
dist 
taxt 
(38, 
$84 
deb 
Con 
Ans 
(Ul. 
| Chi 
ville 
com 
: sure 
mil. 
591 
i 


WW4 


sed op 
ve that 
ice and 
“emain- 
uildren, 
SWim- 
above 
001 and 
pro- 
ge and 
pool, 
Vel to 
sewer, 
um off 
drains 
utters 
1 down 
2 soln, 
m. in § 
oughly 
ossible 
ersons: 
colds, 
en and 
of 
In- 
asible, 
daily 
every 
d with 
ilating 
g fre 
ration: 
Virus, 

ppm. 
ig, re- 
ts 3 or 
using 
f Cl, 
Noble, 


-mgd, 
avgd, 
iil gal. 
ppm. 

12.75 
leliver 
eters, 
omers 
al. to 
35.0¢. 
duced 


June 1947 


50% yield in Oct. Free residual chlorination 
for 6 yr. has restored most of capac. of supply 
main lost by organic growth. Plans for 
expansion of distr. system totaling $375,000 
are well under way.—O. R. Elting. 


Pasadena (Calif.) Water Dept. Annual Report 
(for Year Ending June 30, 1946). ‘The dept. 
organized in '12 by the purchase of 3 water 
companies; 33 other systems acquired. Estd. 
pop. served 120,600; water consumption 16.7 
mgd. or 138.5 gpd./capita, exceeding previous 
max. by 15.5%. Distr. system 375 mi. of 
2-36" mains, 1829 hydrants and 31,414 
services. 38% of the water obtained from 
wells, 19% by gravity and 43% from Colorado 
River by purchase from Metropolitan Water 
Dist. Gross revenue $1,303,359, gain of 
$156,329 over previous year. Operating and 
maint. expenses $973,376, increase of $148,- 
046. Payment into general city fund $60,- 
730. Fixed assets $7,913,200; depreciation 
reserve $3,283,456. Total liabilities $160,- 
378. Surplus $7,191,700.—O. R. Elting. 


16th Annual Report (for Year Ending Dec. 
31, 1945) Water Bureau, Metropolitan Dist., 
Hartford (Conn). Organized ’29. Dist. in- 
cludes Hartford and 7 adjoining municipali- 
ties. std. population served 315,000, 7-day 
max. consumption 31.24; max. month 29.61 
mgd.; yearly avg. 29.45 mgd., a decrease of 
3.6% from '44, Gravity supply. Distr. of 
revenue dollar: supply 4.4¢, purif. 3.7¢, 
distr. 8.1¢, accounting 3.5¢, admin. 13.9¢, 
taxes 1.6¢, depn. 17.6¢, fixed charges 47.2¢. 
Distr. system of 613 mi. serves 39,135 services 
(38,357 metered) and 4008 hydrants. Gross 
revenue $1,614,313. Operating expense 
$841,537. Fixed capital $30,606,053; bonded 
debt $10,034,000; net worth $13,539,156. 
Consumption in excess of 28 mgd. occurred 
on 229 days as against 238 days in '44.— 
O. R. Elting. 


Annual Report Water Department, Oak Park 
(Ill.), 1946. Water purchased from city of 
Chicago on metered basis delivered to the 
village through 5—12’’ meters. 3 other 
connections assure protection for supply. 
Pump station houses 8 motor-driven pumps, 
combined capac. of 24 mgd., boosting pres- 
sures an avg. of 25 psi. Storage reservoir 5 
mil.gal. Estd. pop. 69,000; consumption 
5.91 mgd. 107.4 mi. of mains supply 12,062 
meters and 1135 hydrants. System 100% 
metered, water sold 88.8% of total. Total 
income $453,123; expense; purchase of water 
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$159,492; operation and maint. $107,899; 
interest and principal $6,667; depn. $36,498; 
transferred to fire funds $137,000; net gain 
$5,567. Fixed assets: original $1,264,780; 
less depn. $213,336; current assets $290,076. 
Liabilities-bonds and deposit funds $55,271. 
Net worth (assets over liabilities) $481,935. 
Immediate $400,000 improvement of distr. 
system is planned. Water waste survey by 
Pitometer Co. discovered leakage of 0.477 
mgd. mostly on old galvanized iron services. 
Unaccounted flow reduced from 14.6 to 
11.1%.—O. R. Elting. 


Des Moines (Iowa) Water Works Report, 
1946. Operates under a 5-man Bd. of 
Trustees. Pop. 181,112; consumption 17.95 
mgd. or 99.1 gpd. per capita. Water under 
pressure of 38 to 118 psi. delivered through 438 
mi. of 4”’ to 36’ mains (68% 8’’) to 3,758 
hydrants and to 41,063 services, 99.5% 
metered. Metered billed 81% of water 
pumped. Gross income $1,083,558; opera- 
tion and maintenance $477,322; net income 
$183,235; depn. $129,123; interest and sink- 
ing fund $293,877. Plant less depn. $7,535,- 
942; total assets $8,987,103. City’s equity 
$5,156,254. Pumping max. 36.5 mgd.; min. 
7.0 mgd.; avg. 17.95 mgd. Coal 15.8% ash; 
9,230 Btu. as fired. Evapn. ratio 5.62, boiler 
and stoker eff. 66.2% station steam duty 
114.9, over-all thermal eff. 8.98%. Rainfall 
33.24’, 1.20’ above normal, air temp. avg. 
50°F., max. 87°, min. 0°. Water temp. avg. 
56°F., max. 73°, min. 41° —O. R. Elting. 


92nd Report New Orleans (La.) Sewerage and 
Water Board, 1945. Bd. of 6 city officials, 7 
citizens elected for 12 yr. with overlapping 
terms supervise sewage, water works and 
drainage systems of city. Water consump- 
tion increased from 60.8 mgd. in ’41 to 79.4 
mgd. in 60% of water revenue- 
producing. Increased pumpage of sewage 
reqd. Carrollton plant met demand, but 
Algiers Plant heavily taxed. Recently com- 
pleted addn. to latter will greatly relieve 
situation. Pension system established in 
’42. Board contributes 3% of payroll. New 
constr. costs for sewers, water works and 
drainage met by taxation; operation and 
maint. by water rates and budget by city for 
operation of drainage system, latter does not 
meet requirement and some income is con- 
tributed by water works and sewage funds. 
Money available for new constr. in 1945 
$1,395,000. Estd. total expenditure of $12,- 
000,000 by end of ’49. Fact that the source 
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which accounts for 60% of constr. fund 
ceases in 1950 indicates need for revised 
financial legislation. Total water, sewer and 
drainage assets $79,887,474. Outstanding 
bonds and current liabilities $16,701,659; 
water works and sewage operation income 
$2,696,515; expense $1,526,491. 94,469 serv- 
ices, 92,311 metered, 866 mi. 2’’-48’’ water 
mains. Avg. for (a) river (b) filtered waters: 
turbidity (a) 555, (b) 0 ppm.; alkalinity (a) 
94, (b) 35 ppm.; incrustants (a) 32, (b) 36 
ppm.; bacteria 37°C. Agar (a) 42,800, (b) 
3 per ml.—O. R. Elting. 


53rd Annual Report (Year Ending Sept. 30, 
1946). Munic. Service Com., Wyandotte 
(Mich.). Pop. 32,000. Comrs. (appointed 
by mayor and confirmed by council) comprise 
5-man bd. operating elec. and water utilities. 
Elec. Div. net income $290,043 after deduct- 
ing all charges including depn. Dividend 
20% of annual bill paid customers. Street 
lighting charge reduced from $31,000 to 
$2,000. Elec. plant, debt free, depn. value 
$1,624,090; extension fund’ of $956,411. 
Consumer cost: residence 2.46¢, commercial 
2.82¢, power 2.27¢ per kwhr. subject to 10% 
dividend. Dept. collects 3% state sales tax 
on elec. energy and the 4.3¢ per 1000 gal. of 
water used Sewage Disposal Tax for County 
Road Comrs. Smoke abatementand $1,250,- 
000 plant extension planned by Elec. Div. 
Plant capac. 21,600 kva.; power generated 
44,036,000 kwhr.; 9,476 customers. Water 
Div. net income $27,229 after deducting all 
charges including depn. Depd. plant $1,283,- 
590, investments— $298,776. Debt $457,919; 
income $182,304. Expenses (%) pump- 
ing 11.1, purif. 17.4, distr. 24.0, office and 
admin. 7.9, interest 12.1, other expense 12.6, 
surplus 14.9. Operating revenue $21.49 per 
customer, Consumption 3.64 mgd. or 112.9 
gpd. per capita; max. rate 6 mgd. Plant: 
6—1 mgd. rapid sand filters, 1.4 mil.gal. 
underground and 0.5 mil.gal. el. storage. 
Pump capac. 14.8 mgd. Distr. system 92.7 
mi. of mains, 756 hydrants, 7848 services. 
City plans tunnel to Canadian waters for 
better raw water supply. 77.45% water 
delivered to meters.—O. R. Elting. 


Mt. Vernon (N.Y.) Board of Water Supply. 
Annual Report, 1946. Water obtained from 
New York City at $105 per mil.gal. Pop. 
67,362 (’40); consumption 5.44 mgd. or 80.8 
gpd. per capita. Water sold—90% of pur- 
chased water. 9488 services; 100% metered; 
100 mi. mains; 1049 fire hydrants. Receipts 
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$489,330. Expenditures—operation 
maint. $289,372; capital expense $77,854. 
addition and betterments $30,000; surplys 
$92,104; bonds outstanding $624,000. Origi. 
nal plant value $3,093,667.—O. R, Elting, 


Erie (Pa.) 79th Annual Report (1945) of 
Bureau of Water. Pop. 135,000; serveg 
133,000. 28,499 services, 4.8% metered, 
Consumption 32.74 mgd., 246 gpd./capita, 
302 mi. mains; 1,634 hydrants. Cost, eo}. 
lecting, purifying and pumping (including 
depn.) $29.63 per mil.gal. Income $829,495. 
expenditure exclusive of depn. $708,606: 
fixed assets (depd.) $10,042,804; cash $547,. 
748; bonds outstanding $911,000. Lake Erie 
water. Chestnut St. plant 17,641’ of 6” 
intake; 24 mil.gal. settling basin; 3-20 mgd, 
low-lift pumps; 32 mgd. filter plant; high-lift 
pump 60 mgd. total capac. West plant 
8745’ of 72” intake; 34 mgd. low-lift sta,; 
24 mgd. filtration plant; 32 mgd. high-lift 
pump capac. Two service dists. with 33 
mil.gal. and 10 mil.gal. storage. Two stand. 
pipes of 440,000 and 400,000 gal. with 
booster stations serve outlying districts,— 
R. Elting. 


Green Bay (Wis.) Water Dept., Report for 
1946. Five-man Bd. of Comrs. Mains 134 
mi.; 11,208 metered services; 762 hydrants, 
Bonded debt $617,000. Avg. consumption 
4.59 mgd., 99 gpd. per capita, 86.8% water 
sold. Pumpage greatest in history. Pres- 
sures could not be maintd. during peak de- 
mand. Bids received for drilling new 24” 
well. Probably not available for ’47 peak, 
Two existing pumps to be lowered to prevent 
breaking suction during peak pumping. No 
substantial increase in yield of well obtained 
by acidizing.—O. R. Elting. 


Potomac River Basin Commission. Fifth 
Annual Report (for Year Ending June 30, 
1946). Commission of 18 members, 3 each 
from Maryland, Pennsylvania, Virginia, West 
Virginia, Dist. of Columbia and the federal 
government to control and abate poln. of the 
waters within the basin. Com. apptd: (I) 
Technical Committee composed of Directors 
of the State Planning Boards and State San. 
Engrs. and like federal representatives; (2) 
Industrial Committee of representatives of 
industry within the basin. Com. does not 
supplant or supersede existing agencies but 
works through them, thus avoiding inherent 
dangers of centralized planning and contrd 
yet well-rounded basin-wide poln. contrd 
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program being formulated by various agencies. 
Principal accomplishment of the year was 
acceptance by states of criteria and zones of 
principal water use zones prepd. by Tech. 
Committee and approved by commission. 
These criteria provide yardstick for min. 
stds. for dischg. of wastes and are an indica- 
tion of relative purity of the streams. Federal 
control bill appropd. $1,900,000 for complet- 
ing Savage River Dam. Com. encourages 
jormation of local regional planning groups. 
Studies made by com. on conservation of 
sational resources. Only method of carrying 
forward the work of com. is through education. 
This best accomplished by greater participa- 
tion of the states in activities of the Tech. 
Com. and by greatly extended publicity 
program. Expenditures for year $15,607.— 
0. R. Elting. 


llth Biennial Report Bd. of Water Supply, 
Honolulu (T.H.) (1945-46). Consumption 
decreased, water levels decline and salt en- 
croaachment increased. Decreased revenue 
and increased operating costs and capital 
expense made increased water rates necessary. 
New rates §’’ meter 0.75 per mo. plus 24¢/ 
1000 gal. for first 25,000 gal./mo. ’46 revenue 
$2,074,352. First cost of plant $17,595,690, 
depn. $5,417,794. Bonded debt $6,576,884. 
Drought ’40-’46. 1945 second driest in 57 
yr. Rainfall 64% of avg.; past 7 yr., longest 
drought on record, 82% of avg. Use in 45 
52.4 mgd.; '46, 49.3 mgd. Pop. ’40, 179,000; 
'46, 267,000. Future program (1) recharging 
tunnel into aquifers, (2) 10-mgd. pump (3) 
2 underground pumping stations. Hardness 
21-173 ppm.; 3 pressure service areas; 33 
mil.gal. storage; 349 mi. mains; 2,338 hy- 
drants; 28,200 services 100% metered; un- 
accounted water 7.8%. Report contains 
detailed data on salt encroachment studies.— 
0. R. Elting. 


Brisbane Water Supply. Wtr. & Wtr. Eng. 
(Br.) 48: 512 (’45). In section on water sup- 
ply in annual report for '43-’44 of Brisbane 
City Council, stated that 7,783.4 mil.gal. of 
water supplied during year; increase of 
13.36% over previous year. Chief source of 
supply is Brisbane R.; Lake Manchester, 
Somerset and Enoggera reservoirs provide 
addnl. sources of supply. About 4 of all 
water supplied filtered through slow sand 
filters. To prevent growth of algae, copper 
sulfate applied almost continuously from 
Jan. to Mar. to water before filtration. Vol. 
of water filtered through rapid sand filters, 
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which have total capac. of 12 mgd., 5,063.73 
mil.gal. All filtered water treated with 
chlorine and ammonia for disinfection and 
with soda ash or lime to control pH value. 
Avg. bact. count in 1-ml. samples of treated 
water examd. daily was 9 when source of 
water Brisbane R. and 8 when source Enog- 
gera Res. Brackenbridge service reservoir put 
into operation in Jan. ’44. Low-level water 
works being extended; 6 rapid filters, with 
total capac. of 18 mgd., and tank for filtered 
water under construction. When these filters 
completed, 4 of slow sand filters will be 
adapted for storage of filtered water. By this 
means capac. for storage will be increased to 
7.2 mil.gal—W.P.R. 


The Water Supply of Auckland, New Zea- 
land. Wtr. & Wtr. Eng. (Br.) 47: 508 (’44). 
In annual report of Auckland, N. Z., City 
Water Works Dept. for year ended Mar. 31, 
44, A. D. Mead stated that total amt. of 
water supplied in '43—'44 was 5.189 mil.gal., 
equiv. to 78.33 gpd. per capita. Succession 
of 7 abnormally dry months Nov. '42—-May 
43, coupled with increased military and indus, 
demands for water, necessitated use of auxili- 
ary sources of supply and restrictions on con- 
sumption. Service reservoir (capac. 6 mil. 
gal.) on Mount Albert almost completed. 
Land has been acquired for service reservoir 
(capac. 1 mil.gal.) at Titirangi. Another 
reservoir (capac. 1 mil.gal.) being constructed 
at Birkenhead to supply North Shore; dupli- 
cate submerged main will be laid across tidal 
channel of harbor. Corrosion of 9-in. steel 
main occurred and main has been replaced 
largely by asbestos-cement pipes.—W.P.R. 


Rand, South Africa Water Board Report 
(For Year Ending Mar. 31, °46). Board 
supplies water in bulk to Transvaal Chamber 
of Mines, the South African Railways Ad- 
ministration and 12 municipalities and villages 
covering area of 3980 sq.mi. with pop. of 
718,000 Europeans and_ 1,138,000 non- 
Europeans; total 1,856,000. Avg. 66.40 mgd. 
(Imp.), ’44 and '45 avgd. 57.78 and 63.60 mgd. 
Pop. of municipal areas 1,433,000; European, 
634,000; non-European, 799,000. This pop. 
within an area of 628 sq.mi. supplied with avg. 
of 32.8 mgd., remainder going to gold mines 
and ry. plus 2.4 mgd. to minor consumers. 
Total avg. price of water in bulk was 3.3d per 
1000 gal.; divided: pumping 1.5d, maint. 1.0d, 
purif.0.8d. Source of supply diversion rights 
to 215 mgd. from Vaal R. and 10 mgd. from 
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various boreholes and wells. 29.225 mgd. 
from river to industrial users. Rainfall in 
Johannesburg 29.45”. Evapn. at Barrage 
62.97”. Pipelines total 426 mi. with 16.38 
mil.gal. storage at pumping sta. and 114.88 
mil.gal. at various high points. System ex- 
tends 36 mi. from the Vaal R. at Vereeniging 
to the Central Rand and 80 mi. along the 
Witwatersrand from Libanon on west to 
Nigel on east. Max. pressure on mains 550 
psi. Project to increase the potable supply 
20 mgd., to give total of 90 mgd., under way. 
Estd. cost £2,335,000; 21% over 1941 est. 
At Vereeniging Sta., project includes 15 mgd. 


CORROSION 


Rust Preventive Oils. G. D. Piz «& F. F. 
FARLEY. Ind. Eng. Chem.—Anal. Ed., 
38:601 ('46). Rust preventive oils, composed 
of polar org. compds. in mineral oil, have been 
employed extensively in film applications for 
temporary protection against rusting of iron 
and steel parts during mfg. operations, stor- 
age, shipment and use. Condensation of 
moisture in droplets on such oil-coated steel 
parts produces a dynamic system composed 
of water, oil film and metal. Study of contact 
angles formed by such a system, where a 
drop of water rests on horizontal oil-coated 
steel panel, has established relationship be- 
tween contact angles and rust preventive 
ability. Mathematical anal. of forces in- 
volved in spreading of water drop on a rust 
preventive oil film has shown that equilibrium 
surface tensions of water and oil and their 
interfacial tension are major factors detg. 
magnitude of contact angle. These findings 
in agreement with theory of rust prevention 
which postulates orientation of polar additive 
at oil-metal interface and_ establishment 
thereby of a barrier to normal mode of entry 
of rusting agents—oxygen and water. Con- 
tact angles were measured by microscope 
fitted with goniometer eyepiece; employed in 
detg. that soly. in water is of prime impor- 
tance among physical properties of rust pre- 
ventive additives and have found application 
in controlling plant production of rust pre- 
ventive oils.— Ed, 


Electroplating Pipe Interiors. S. G. Barr. 
Steel, 118:25:96 (June ’24, ’46). Technic has 
been developed for electrodeposition of pre- 
determined thickness of nickel or other 
corrosion-resistant metals on inside surfaces 


filter plant, two 32,000-Ib./hr, steam boilers. 
two 20-mgd. elec.-driven centrifugal pumps: 
a 3500 cfm. blower for carbonatiog 
plant; revision of the primary sedimentation 
tank. At the Zwartkopjes Station two » 
mgd. elec.-driven centrifugal pumps and two 
50,000 Ib./per hour steam boilers to be jp. 
stalled. Four addnl. reservoirs with tot) 
capac. of 65 mil.gal. included in program, 
Board employs 350 Europeans and 1,27 
natives. Cost of the plant to date approx. 
£11,242,000. Outstanding indebtedness £5 
866,000 less a redemption fund of $2,294,009, 
—0O. R. Elting. 
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of pipe, tubing, fittings, etc., to produce 
smooth, ductile, pore-free deposit closely 
adhering to base metal throughout late 
processing. In one case, pipe was drawn 
down to such an extent that wall was only 
1 as thick as original, without rupture of 
coating. Used on pipe up to 18” in diam, 
Process called Lectro-Clad. Used in wide 
variety of plants including power plants, coke 
and gas products plants, etc.— Ed. 


Plastic Pipe and Fittings for Small Water 
Lines, Conveying of Chemical Solutions, ete, 
Am. Ry. Eng. Assn. 48, Bul. 462:201. (Nov. '46 
Use of plastic pipe and tubing in ry. water 
supply field not very extensive, reports indi- 
cating installations of about 2200’ of 1”, 1} 
and 2” standard plastic pipe used in corrosive 
location. After 3 yr. service, pipe shows n 
pitting, either internal or external. Use in 
treating plants to handle copperas soln. indi- 
cates good conditions after 3} yr. service 
No serious displacement in the use of metal 
for water pipeline foreseen, but advantage ol 
plastic pipe in counteracting corrosion trouble 
and handling acid chem. solns. warrants con- 
sideration.—R. C. Bardwell. 


Protection of Iron and Steel. U. R. Evans 
Metal Ind. (Br.), 67:8:114 (’45). Commercial 
applications of non-ferrous metal coatings on 
new or rusted structures discussed. Pro 
posed methods are: (1) spraying by aluminum, 
followed by ordinary painting; and (2) paint 
richly pigmented with zinc to constitute gal- 
vanized coat. In some instances such coats 
make contact with steel by partial reduction 
of rust to metal, thereby providing conducting 
bridges. Impractical to load linseed oil with 
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sufficient zinc dust even if other pigments are 
omitted; therefore plasticized polystrene soln. 
contg. zinc dust up to 95% zinc by weight 
which can be brush applied, and commercial 
chlorinated rubber paint possessing required 
zinc content substituted. Such paints reduce 
or prevent corrosion fatigue by mech. exclu- 
sion of corrosive or by electro-chem. protec- 
tion, Lab. tests show that such paints on 
rusty steel give cathodic protection in sea 
water.— Ed. 


The Effectiveness of Paint in Suppressing 
Galvanic Corrosion. G. W. SEAGREN, G. H. 
younc & F. L. LaQug. Corrosion, II:2:67 
(June '46). Expts. at Kure Beach show that 
presence of galvanic or stray elec. currents 
from external sources means that painting 
only surfaces to be protected may be dan- 
gerous, in fact may even cause acceleration of 
corrosion at area of paint discontinuity. 
Safest practice is to paint both anodic and 
cathodic areas with best alkali-resistant paints 
or coatings available, taking care to avoid 
pinholes, uncoated edges and similar foci for 
localized galvanic attack. Data and _ illus- 
trations of copper-steel couple test panels, 
and effect of painting cathodic areas at Kure 
Beach, given.— Ed. 


Relationship Between the Anti-Corrosive 
Properties of Paint Films and Their Pigment 
Content. Fette u. Seifen (Ger.), 51:134 
(44); Paint, Oil Chem. Rev., 109:18 (Jan. 10, 
'46); The Metals Rev., 19: 4 (Apr. 8, '46). 
Pigments examd. included white lead and 
zinc oxide, lithium and titanium dioxide, 
antimony oxide, litharge, red lead, zinc yellow, 
tale and others. Vehicles consisted of 
variety of binders. Paints applied to iron 
and magnesium alloy panels and immersed in 
tap water and 3% salt soln. Effect of so- 
called anti-corrosive pigments minor in com- 
parison with protection afforded by various 
vehicles tested.— Ed. 


Relative Effectiveness of Cathodic Protection 
and Painting in Preventing Corrosion of the 
Interior of Steel (Water) Tanks. T. W. 
Histip Jk. ET AL. Am. Ry. Eng. Assn. 48, 
Bul. 462:196 (Nov. '46). Reports indicate 
that paint affords protection to interior of 
steel water tanks for not over 4 yr. at best, 
and requires several days’ time out of service 
for cleaning and repainting. Cathodic pro- 
tection in service about 10 years with tanks 
reported in good condition and no out-of- 
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service time lost for installation. Prints 
included showing typical installation details. 
Com. concludes that cathodic protection, 
properly installed and maintd., has given 
more effective corrosion protection than 
paints applied to date and has added advan- 
tage that tank does not have to be taken out 
of service.—R. C. Bardwell, 


Cathodic Protection. L. C. Secrest. Oil 
Gas J., 43:3:82 (’44). Use of cathodic pro- 
tection to prevent corrosion of pipeline laid in 
Colorado and Wyoming in '39 described. 
Pipe first treated with protective coating and 
wrapped with asbestos. Considered that if 
pipe could be maintd. at negative potential of 
0.3 v. with respect to soil, there would be no 
corrosion, Wind-driven elec. generating units 
used. Positive electrode consisted of no. of 
pipes buried vertically or horizontally in soil. 
Bottom halves of horizontal pipes perforated; 
salt introduced into pipes and seeped into 
ground. No corrosion of pipeline has oc- 
curred so far.—W.P.R. 


How Cathodic Protection Prevents Pipe and 
Tank Corrosion. Power Plant Eng., 50:83 
(June '46). Theory of cathodic protection; 
advantages; cathodic protection battery; 
prelim. steps to installation; conducting cur- 
rent survey for pipeline; test points; pipe-to- 
soil potential; current required for protection; 
ground beds; current sources; current density 
requirements for tanks; effect of ice on corro- 
sion; record of protection system for tank; 
costs given.— Ed, 


Magnesium as a Galvanic Anode. Some 
Factors Affect Its Performance. H. A. 
ROBINSON. Electrochem. Soc. Preprint 90 
(Apr. 11-13, ’46). Performance character- 
istics of magnesium anode have been studied 
with regard to effects of such variables as 
current density, anode compn., impurities, 
electrolyte pH, and_ electrolyte compn. 
Found that potential of magnesium anode 
sufficient for cathodic protection of pipelines, 
storage tanks, process equip., etc., with most 
naturally occurring electrolytes, and that 
both anode current eff. and uniformity of 
anode consumption improve with increasing 
current density. High purity magnesium- 
aluminum and magnesium-aluminum-zinc al- 
loys perform more efficiently than commer- 
cially pure magnesium. Satd. solns. of 
calcium sulfate or magnesium sulfite provide 
most generally satisfactory electrolytes for 
magnesium anode operation.— Ed. 
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Use of Magnesium for Cathodic Protection of 
the Katy Pipeline. P. Hart & O. OsBorn. 
Petrol. Engr., 17:136 (Aug. '46). Highly 
successful application of magnesium for 
cathodic protection of the Dow Chemical 
Co.'s Katy pipeline on Texas Gulf Coast 
should be of exceptional interest to the cor- 
rosion engr. Cathodic protection as weapon 
in great battle against corrosion has always 
been intriguing subject to all engrs. Now 
after 6 yr. of extensive investigation, magne- 
sium beckons as new and deadly ammunition 
for this weapon. Katy line 4-in. coated line, 
82 mi. in length, extending inland from Dow 
Chemical Co.’s Freeport plant to Humble Oil 
and Refining Co.’s plant, 33 mi. west of 
Houston, Tex. This article shows how 96 
magnesium anodes installed in 14 groups were 
employed in obtaining cathodic protection of 
this line.— Ed. 


Cathodic Protection Stops (Internal Water) 
Tank Corrosion. ANon. Ry. Eng. & Maint., 
42:441 (Sept. '46). During the past 63 yr., 
Chesapeake & Ohio Ry. installed cathodic 
protection in 48 of 148 steel water service 
tanks. With this method of elec. protection, 
no detrimental effects observed, interior cor- 
rosion below water level stopped and sub- 
stantial savings reported, compared with cost 
of repainting the interiors of tanks below 
water level. 3 types of dry plate rectifiers 
used: MgS, CuS, and Se & CuO. Electrodes 
used have been wrought iron, steel and copper 
pipe, carbon sticks, platinum wire and a 
flexible glass hose filled with granulated car- 
bon. Voltage varies as required to produce a 
necessary amperage of at least 3 amp. per 
10,000 sq.ft. to be protected. Periodic in- 
spection necessary to insure functioning.— 
R. C. Bardwell. 


Polarization Studies of Inhibitor Action. 
R. D. Miscu & H. J. McDonaLp. Am. 
Chem. Soc. 110th Meeting, Chicago (Sept. 
’46). Polarization behavior of corrosion in- 
hibitors studied with modified polarization 
cell, originally developed by J. M. Bialosky, 
Armour Research Foundation. Cell consists 
of 2 parts, which hold soln. and are clamped 
on opposite sides of metal specimen. Cur- 
rent passed through system; one metal face 
becomes anodic and other cathodic. Poten- 
tial at these surfaces measured for different 
current densities. Polarization curves ob- 
tained by plotting these values against cur- 
rent density. Influence of inhibitor structure 
shown in characteristic curves. Regular 
change in polarization characteristics found 
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for homologous series. Exptl. differences j, 
behavior of anodic and cathodic inhibitor, 
shown. Importance of metal specimen show, 
for steel of different anals. Correlation foung 
between polarization curves and stress gg. 
rosion susceptibility of various steels, Be. 
sides use of various inhibitors, metals and ions 
influence of pH, temp. and soln. velocity 
studied. Depolarizing action of various jogs 
on inhibitors shown. Comparison of effee. 
tiveness of some common inorg. and or. 
inhibitors at various concns. also made 
Value of polarization cell in evaluating jg. 
hibitors discussed.— Ed. 


Corrosion of Aluminum Pipes. H. Laruyy. 
Inst. Tech. Batiment. Trav. Publ., Circ, Ser! 
G, (Fr.), No. 6 (43). Tensile strength and 
final elongation of tubes of pure aluminum 
and aluminum alloys detd. after they hag 
been embedded in Portland cement, sla 
cement, gypsum, and lime mortar and ¢. 
posed to dry and moist air or water. Results 
described of corrosion tests in distd. and tap 
water, 0.1% soln. of sodium chloride, 0.089 
soln. of calcium sulfate and very dil. soln, of 
sodium hypochlorite. Conclusions are drawy 
regarding applicability of aluminum pipes for 
water and city gas.— Ed, 


On the Influence of Surface Treatment o/ 
Pure and Super-Pure Aluminum Components, 
With Special Reference to Water Pipes 
H. & H. Neunzic. Aluminum, 26:1:1) 
(44). Tubes of pure and super-pure alumi 
num treated by various commercial protective 
processes, and by pickling for various time 
and at different temps. in 10% caustic soda 
Then subjected for periods of 8-12 mo, t 
running water. Results of exposure to wat 
given in full and illustrated by photographs 
Influence of various protective treatments dis 
cussed. Purity of aluminum without marked 
effect.— Ed. 


Internal Tubing Caliper. P. E. CHAnty, 
Petrol. Engr., 17:7:122 (Apr. '46). Design, 
mechanism and operation of Chaney-Barnes 
tubing caliper, used to measure internal cor 
rosion in tubing and well head fittings of gas 
condensate wells, described and _ illustrated. 
Calipering accomplished by means of 6 o 
more independently operating lever arms, 
outer ends of which are attached small wheel 
or rollers to contact tubing wall. Ead 
lever arm provided with spring to urge feele 
wheel outward against the tubing wal 
Inner arms of levers contact a polishing stee 
plate on end of stylus rod.— Ed. 
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N. T. Veatcu, PresipENtT 1947-1948 
(See page 1 News of the Field) 
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